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INTRODUCTION 

A  wide,  general  editorial  experience  obtained  through  careful 
consideration  of  the  needs  of  the  average  automobilist  by  the  writer 
while  technical  editor  for  one  of  the  leading  motor-car  journals, 
has  shown  that  the  modem  motorist  is  always  seeking  for  informa- 
tion that  will  enable  him  to  run  his  car  more  intelligently.  A  number 
of  primers,  catechisms,  handbooks  and  other  Uterature  of  this 
nature  have  been  prepared  for  educating  the  prospective  or  present 
owner  or  driver  of  an  automobile,  but  all  of  these  have  been  cri- 
ticised because  of  various  shortcomings,  though  some  have  been 
of  great  value. 

They  are  seldom  arranged  in  a  logical  manner  and  for  the  most 
part  assume  that  those  they  try  to  teach  are  technically  informed. 
One  passes  from  a  chapter  on  running  gear  parts  directly  to  one  on 
ignition  and  from  that  to  one  on  car  oiling  or  some  other  subject 
foreign  to  that  previously  considered.  This  arrangement  makes  it 
difficult  for  the  average  reader  to  get  the  utmost  value  from  his 
leading.  For  the  most  part  the  illustrations  are  crude  representa- 
tions, often  of  imaginary  mechanism,  and  it  is  seldom  that  the 
various  essential  points  the  author  wishes  to  call  attention  to  are 
indicated  in  any  intelligible  manner  on  the  illustration. 

The  splendid  reception  accorded  the  writer's  previous  work 

"Hie  Modem  Gasoline  Automobile"  has  been  very  gratifying.    This 

Work  was  written  as  a  general  treatise  and  no  attempt  was  made  to 

nake  it  a  primer  or  elementary  work.    So  many  motorists  have 

wntten  to  the  publishers  commending  the  logical  arrangement  of 

the  text  and  the  clear  accurate  illustrations  and  so  many  suggestions 

krre  been  received  by  the  writer  that  he  prepare  a  more  simple 

imA  eheaper  book  arranged  as  a  primer  or  textbook,  that  after  con* 

^Ueeable  tiunii^t  regarding  the  best  method  of  pie^^Tit^\\o\i  ol 

mat  ^k  idaph  laDgQAgd,  tbk  treatise  has  been  piep^edi.   T\x\^\^ 
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X  Introduction 

complete  in  itself  but  can  be  supplemented  to  advantage  by 
general  course  of  reading  of  the  writer's  previous  work. 

The  arrangement  of  the  subject  matter  in  the  form  of  lesso: 
consisting  of  questions  and  answers  has  been  followed  to  make  t 
book  suitable  either  as  a  home  educator  or  as  a  textbook  for  use  i 
schools.    Every  endeavor  has  been  made  to  arrange  the  conteni 
logically  and  the  reader  is  brought  progressively  from  one  element 
of  the  car  to  the  next  relative  part  rather  than  in  the  spasmodic 
manner  usually  found  in  a  work  of  this  nature. 

A  number  of  the  lessons  were  specially  written  for  instructing 
classes  by  the  writer  when  he  was  associated  with  one  of  the  first 
automobile  schools  established  in  the  United  States.  They  were 
very  successfully  applied  in  teaching  the  mixed  classes  and  intel- 
lects found  in  schools  of  this  nature.  These  lessons  have  been 
simplified  and  brought  up-to-date  and  have  a  much  greater  value 
to  the  student  than  when  first  prepared. 

Biitirely  new  illustrations  have  been  made  and  there  is  no  con- 
flict in  contents  between  this  and  the  writer's  other  work.  Either 
is  a  complete  exposition  of  the  subject,  and  this  can  be  used  to 
advantage  in  connection  with  that  first  published  as  a  series  of  ques- 
tions for  review,  or  tbe  other  and  more  complete  work  may  be  used 
to  supplement  this  after  the  reader  has  grasped  the  rudiments  of 
automobile  construction  and  management  by  studying  the  lessons 
in  this  treatise.  The  arrangement  by  lessons  will  be  found  of 
value  to  those  teaching  automobile  classes  and  the  work  should- 
prove  as  desirable  as  a  textbook  as  it  is  as  a  self  educator  for  those 
that  cannot  get  their  knowledge  except  by  liome  study. 

Attention  is  directed  to  the  completeness  of  this  work,  which 
includes  all  late  developments  in  automobile  engineering.  The 
exclusion  of  matter  of  purely  academic  value  or  of  interest  only 
from  a  historical  point  of  view  means  that  the  space  usually  devoted 
to  this  easily  obtained  class  of  matter,  which  has  long  been  public 
property,  is  devoted  to  a  consideration  of  driving,  maintenance  and 
repair  of  automobiles,  which  is  obviously  of  more  value  to  the 
reader. 

The  illustrations  have  been  selected  with  well  defined  objects 
m  view  and  while  simpU&ed  somewhat  in  mstane^a  m  c^t^^^t  \i^  ts^^^ 
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jm  more  easily  understood  by  the  non-mechanical  reader,  they 
J  as  accurate  as  relates  to  proportion  of  parts  as  the  best  engineer- 
l  drawings  and  all  represent  existing  mechanisms  which  are 
daily  use.  The  important  elements  to  which  attention  is  directed 
the  text  are  clearly  designated  by  arrows  and  named  in  the 
iistration,  so  the  main  object  of  making  them  intelligible  has  been 
tained  without  sacrificing  correct  proportion.  Any  suggestions 
>m  readers  for  improving  this  work  and  calling  attention^to  errors, 
bher  of  commission  or  omission,  will  be  welcomed  by  the  publisher 
\A  the  author. 

This  treatise  has  been  entirely  revised  and  all  new  improve- 
ents  in  automobile  engine  and  chassis  design  have  been  included, 
ttention  is  directed  to  the  new  lesson  on  electric  starting  and 
Bfhting  systems. 

Victor  W.  Pag^. 
January,  1921. 
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LESSON  ONE 

THE  MODERN  GASOLINE  AUTOMOBILE  AND  ITS 

PRINCIPAL  PARTS 

Q.    What  is  an  automobile? 

A.  Any  form  of  wheeled  conveyance  propelled  by  a  prime  mover 
carried  by  it  as  an  integral  part  of  its  mechanism,  is  an  automobile. 
This  term,  however,  is  usually  applied  only  to  those  forms  of  self- 
propelling  vehicles  designed  to  replace  pleasure  vehicles  or  trucks 
formerly  drawn  by  horses.  The  steam  roller,  gas  traction  engine, 
steam  locomotive,  and  various  other  forms  of  self-propelling  machin- 
ery are  not  included  in  this  classification. 

Q.    Name  the  three  principal  types  of  automobile. 

A,  Three  forms  of  automobiles  have  been  generally  usied,  these 
being  termed  steam,  electric  or  gasoUne,  according  to  the  nature  of 
their  power  plant.  Forms  of  cars  propelled  by  liquid  air  or  compres- 
sed air  have  been  tried  but  foimd  unsatisfactory. 

Q.    Whdt  are  the  advantages  of  steam  power? 

A.  The  most  important  advantage  of  the  steam  engine  as  an 
aatomobile  power  plant,  is  that  it  is  extremely  flexible  and  is  capa- 
ble of  delivering  power  which  augments  directly  as  the  amount  of 
steam  admitted  to  the  cylinders  increases.  All  functions  of  the 
starting,  stopping,  reversing  and  speed  changing  may  be  obtained 
directly  by  throttle  control.  When  more  power  is  needed,  as  in  hill 
dimbing,  the  throttle  is  opened  wider  and  more  steam  is  admitted 
from  the  boiler  to  the  cylinders,  thus  directly  increasing  the  engine ' 
power.  The  steam  automobile  has  disadvantages  that  offset  the 
piod  features.  Among  these  may  be  mentioned  difficulty  in  start- 
ing prQiiq>tly,  as  firing'up  is  necessary  in  order  to  generate  sufficient 
iasun  the  engine;  use  of  naked  flame  undet  thfc  V>cJAfit  ^\svOa. 
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18  Questions  and  Answers. 

introduces  an  undesirable  element  of  danger  from  fire;  constant 
attention  to  air,  water,  and  fuel  pumps;  necessity  of  maintaining 
proper  water  level  in  boiler  at  all  times;  frequent  replenishing  of 
water  supply  which  lasts  but  20  miles  as  a  rule,  and  excessive  use 
of  fuel.  It  will  be  seen  that  while  the  steam  car  is  simpler  to  control 
than  that  propelled  by  gas  power,  there  are  so  many  things  to 
watch  that  it  requires  constant  attention  on  the  part  of  the  operator 
to  keep  the  car  running  as  it  should. 

Q.     What  are  the  advantages  of  the  electric  car? 

A.  The  electric  motor  offerc  many  advantages  as  a  source  of 
power  for  automobile  propulsion.  It  is  flexible  and  as  easily  con- 
trolled as  a  steam  engine,  because  the  electric  energy  used  is  drawn 
from  an  exterior  source  or  storage  battery  just  as  the  steam  is  drawn 
from  a  container  or  boiler  where  it  is  generated  and  stored  under 
pressure.  The  power  of  the  electric  motor  may  be  varied  by  altering 
the  amount  of  electricity  supplied  to  the  windings.  The  electric 
automobile  can  be  started,  stopped,  reversed,  and  various  changes 
of  speed  obtained  by  the  simple  movement  of  a  controller  lever. 
The  electric  automobile  is  quiet,  clean,  easy  riding,  and  especially 
adapted  for  use  of  women  and  children. 

It  is  lacking  in  capacity,  however,  and  has  a  well  defined  radius  of 
action  which, is  determined  by  the  endurance  of  the  storage  battery 
which  supplies  the  electricity.  After  an  electric  automobile  is  oper- 
ated for  a  period  equal  to  traveling  a  distance  of  60  to  100  miles,  de- 
pending upon  the  type,  the  batteries  must  be  re-charged.  This 
means  that  the  electric  automobile  can  only  be  used  where  proper 
charging  facilities  are  available,  which  practically  confines  its  use  to 
the  larger  cities  and  towns  and  their  suburbs.  The  electric  automo- 
bile is  not  suitable  for  touring,  and  if  rim  at  its  maximum  speed  for 
any  l^gth  of  time,  the  batteries  are  soon  exhausted. 

Q.    What  are  the  advantages  of  gas  power? 

A.    The  internal  combustion  or  gasoline  engine,  as  it  is  commonly 

called,  because  of  the  fuel  generally  used,  has  some  disadvantages 

when  compared  to  steam  and  electric  power,  but  its  many  marked 

advantages  make  it  superior  to  either  of  these  types.    A  gas  engine 

xaaj^  be  easily  started  by  a  simple  quarter  turn  oi  tTae  «V.«uT\\\i^  ^x^wk 
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in  proper  condition,  and  is  as  easily  controlled  after  it  is  set  in 
n  as  either  the  steam  or  electric  motor.  Modem  gasoline  auto- 
e  engines  have  great  flexibility,  and  have  a  range  of  speed  from 
)  1,200  or  more  revolutions  per  minute,  by  simple  movement  of 
park  and  throttle  control  levers. 

Be  the  gasoline  engine  is  set  in  motion,  it  requires  no  more  atten- 
rom  the  operator,  and  it  will  continue  to  run  as  long  as  the  fuel 
Yj  lubricating  oil,  and  electrical  ignition  will  hold  out.  Its 
or  touring  radius  is  not  limited  by  conditions  which  make  it 
3ary  to  frequently  replenish  the  supply  of  water,  as  is  the  case 
the  steam  engine,  and  it  is  independent  of  the  central  charging 
n  on  which  the  electric  automobile  depends.  It  will  carry  fuel 
;h  in  a  tank  of  small  size  so  it  is  possible  to  go  several  hundred 
without  a  stop,  and  then  this  is  only  a  stop  of  a  few  minutes 
ion  or  just  long  enough  to  refill  the  gasoline  and  oil  tanks. 
3  internal  combustion  motor  is  the  most  economical  form  to 
te,  and  as  a  rule,  automobiles  equipped  with  this  form  of  power 
re  less  attention  than  either  steam  or  electric  automobiles. 
of  the  disadvantages  advanced  against  the  gasoline  power 
are:  lack  of  overload  capacity  which  necessitates  the  use  of 
;e  speed  gears;  inability  to  reverse  engine,  which  means  that 
sing  gearing  is  necessary  to  allow  the  automobile  to  run  back- 
;  inability  to  start  engine  under  load,  which  means  that  a 
ate  clutching  mechanism  is  needed  so  the  motor  may  be  started 
endent  of  the  vehicle  and  to  permit  it  to  run  fast  enough  to 
>p  its  full  power  before  the  car  is  started.  Electric  motors  and 
I  engines  start  as  soon  as  the  automobile  to  which  they  are 
does,  and  as  no  clutch  is  necessary,  they  may  be  directly  con- 
1  to  the  driving  wheels  by  some  form  of  positive  gearing.  Ow- 
» its  lack  of  overload  capacity,  reduction  gearing  must  be  used 
3ver  a  gasoline  car  is  made  to  climb  a  steep  hill,  whereas  the 
■  of  the  electric  or  steam  motor  may  be  increased  by  permitting 
energy  to  flow  from  the  container  where  it  is  stored  imder  pres- 
o  the  motor,  thus  no  change  speed  gears  are  necessary  on  these 
iOt  Tehieles.  w  The  disadvantages  mentioned  are  more  apparent 
Ml  iH  with  the  highly  developed  form  of  gaaoVm^  %t^^^  q1 
IIRiiii]  fmfj;  il^re  is  no  need  of  constant  gear  clios^^'!,  ^"^  «^ftfc^ 


Fig,  1, — Chassis  of  the  PleaBure  Car  Type  Fitted  With  Various  Fonns 

of  £>elivet7  Bodies.      A — Stake  Flatfonn  Body.    B — ^Wir«  Sid« 

Delivery.    C — Panel  Side  DeUvetv. 
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Isbif&K,  and  practically  all  the  variations  of  speed  that  are  desired 
OD  average  highways  may  be  obtained  by  simply  manipulating  the 
throttle  lever  which  supplies  more  gas  to  the  engine.  The  speed 
eluui^g  lever  is  left  in  its  direct  drive  position  and  is  not  moved  to 
the  lower  gear  ratio  except  when  starting  the  car  or  when  ascending 
steep  grades.  The  modem  gasoline  automobile  is  just  as  suitable  for 
dtywork  as  either  the  steam  or  electric  cars  and  is  much  superior  as 
>  touring  conveyance. 


Q.    Into  what  classes  may  automobiles  be  divided? 

A.  The  two  main  classes  of  automobiles  are  pleasure  vehicles 
■ad  commercia  cars. 

Q.    How  do  they  differ  from  each  other? 

A.  Pleasure  cars  generally  are  built  for  high  speed  and  are  much 
Belter  than  the  commercial  vehicles  which  must  carry  heavy  loads. 
In  a  ideasure  car  as  a  rule,  everything  is  sacrificed  to  speed  and  com- 
ibrt.  In  &  commercial  vehicle,  the  parts  are  large  and  substantial 
■nd  everything  b  designed  with  a  view  to  maximum  carrying  cap- 
inty  and  miniimiTn  operating  expense.  The  parts  of  automobiles 
■n  the  same  in  general  principle,  whether  used  in  a  touring  car  or 
.taak,  except  that  they  are  made  heavier,  aad  ot  gr«a.\AT  %\.\«\i.'^\i. 
**w  mad  in  tie  vebiele  carrying  the  greatest  loads.    ^VeaaMxe  «i«ta 


Questions  and  Ans7rcrs 


Principal  Parts  of  Automobile  23 

ire  usually  mounted  on  pneumatic  tires,  as  air  filled  tires  are  called, 
vhile  motor  trucks  which  travel  at  slower  speeds  use  solid  rubber 
ires. 

Motor  trucks  may  be  divided  into  two  classes:  those  which  utilize 
ihaseis  patterned  after  pleasure  types,  but  fitted  with  delivery 
)odies,  as  shown  at  Fig.  1,  and  those  types  of  which  a  typical  ex- 
imple  \s  shown  at  Fig.  2,  in  which  the  motor  is  carried  under  the 
Iriver's  kseat  and  where  the  general  design  is  such  that  the  chassis  can 
)e  used  only  for  commercial  purposes.  There  are  classes  of  commer- 
cial cars,  such  as  taxicabs,  light  delivery  wagons,  ambulances  and 
•rehicles  of  this  nature,  which  are  practically  pleasure  car  chassis 
itted  with  forms  of  bodies  adapting  it  to  a  commercial  use. 

Q.     What  are  the  essential  elements  of  the  automobile? 

A.  The  principal  parts  of  automobiles  are  shown  at  Figs.  3,  4,  5, 
these  outUning  the  chassis  of  pleasure  cars  and  a  typical  truck.  The 
Foundation  for  the  entire  mechanism  is  the  frame,  which  is  attached 
to  and  supported  by  springs  which  are  bolted  to  the  axles  on  which 
the  wheels  are  mounted.  The  power  plant,  which  consists  of  the  gas- 
oline engine  and  a  number  of  other  parts,  is  usually  carried  at  the 
front  end  of  the  frame,  where  it  is  housed  under  a  hood,  or  in  a  special 
compartment  under  the  body  where  it  can  be  easily  reached. 

The  clutch  and  gear  set  form  part  of  the  transmission  system,  as 
does  the  chain  or  propeller  shaft  used  to  transmit  the  engine  power 
from  the  change  speed  gearing  to  the  rear  axle.  A  steering  gear  by 
which  the  direction  of  car  is  controlled  and  levers  for  shifting  the 
change  speed  gears,  for  controlling  the  brake  and  for  operating  the 
spark  and  throttle  of  the  engine,  complete  the  chassis  assembly.  An 
automobile  may  be  said  to  consist  of  the  following  main  groups:  the 
power  plant;  the  clutch  and  change  speed  gearing;  the  power  trans- 
mission system;  the  supporting  frame  and  springs;  the  axle  and 
wheels;  the  controlling  elements;  and  the  load  carrying  or  body 
member.     (Figs.  4  and  5.) 

Q.    What  is  the  function  of  the  power  plant? 

A.  The  purpose  of  the  power  plant  is  to  generate  enough  power 
80  that  when  this  is  transmitted  to  the  rear  wheels  thru  the  medium 
of  suitable  reduction  gearing,  it  will  propel  the  \e\i\de. 
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< — Plan    View  of  Typical   Modern   PleasuTe  Car   Chasus  ^ 
Important  Components  In&c&t«&. 
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Q.    What  does  the  power  plant  consist  of? 

A.  The  usual  gasoline  automobile  power  plant  consists  of  a  gas- 
oline engine,  a  carburetion  or  fuel  supply  group,  an  electrical  igni- 
tion system,  a  lubrication  system,  and  means  for  cooling  the  engine. 
(Figs.  6  and  7.) 

Q.    Name  functions  of  carburetion  group, 

A.  The  purpose  of  the  carburetion  group  is  to  supply  the  motor 
cylinders  with  an  explosive  gas. 

Q.    Naxhe  parts  of  carburetion  group. 

A.  The  principal  parts  of  a  carburetion  group  are:  a  suitable 
tank  or  container  for  the  liquid  fuel;  piping  by  which  this  is  trans- 
fered  from  the  tank  to  the  carburetor  or  vaporizer  which  changes  the 
fiquid  fuel  to  a  gas,  and  a  suitable  manifold  by  which  the  gas  from 
the  carburetor  is  supplied  to  the  motor  cylinder. 

Q.    Name  functions  of  ignition  system. 

A.  The  purpose  of  the  ignition  system  is  to  ignite  the  gas  or 
irappr  suppUed  to  the  engine  cylinder  by  the  carburetion  group  and 
to  produce  power  by  exploding  this  gas  in  the  cylinder. 

Q.     Name  parts  of  ignition  system. 

A.  The  parts  of  the  usual  electrical  system  are :  some  source  of 
yectrical  current;  wires  for  conveying  it  from  the  current  producer 
to  a  switch  or  timer  which  regulates  the  time  the  electric  spark 
iceurs  in  the  engine;  an  induction  coU  or  similar  apparatus  for  trans- 
fomiing  current  of  low  potential  or  voltage  to  current  of  higher 
power  capable  of  producing  a  spark  in  the  cylinder  and  some  form 
q{  spark  plug  which  is  placed  in  the  combustion  chamber  and  be- 
tween the  points  of  which  the  spark  that  explodes  the  gas  occiu's. 
Bome  ignition  systems  consist  merely  of  a  magneto  or  mechanical 
pnerator  which  incorporates  in  its  construction  the  necessary 
ttning  and  eurrent  intensifying  appliances  and  wires  leading  from 
008  device  to  the  spark  plugs  in  the  motor  cylinder. 

Q.    Why  is  a  lubrication  system  needed? 

•  A.  If  the  parts  of  the  power  plant  were  not  properly  oiled,  they 
Mdd  wear  out  very  quickly,  and  in  fact  it  would  not  b^  po^^^s^  \ici 
taM^Moaliae  engine  for  any  length  of  time  without  suppVyovg,  tHlV»^ 
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reduce  friction  between  the  piston  and  cylinder  and  the  other  bear- 
ings. 

Q.    What  does  a  lubrication  system  consist  of? 

A.  A  lubrication  system,  such  as  commonly  used  in  connection 
inth  the  gasoline  engine,  consists  of  a  container  or  tank  in  which  oil 
is  stored,  some  form  of  pump  to  supply  the  oil  to  the  bearing  points, 
and  piping  to  convey  the  oil  from  the  container  to  the  pump,  and 
from  the  pump  to  the  motor. 

Q.    What  does  the  cooling  system  do? 

A.  As  the  power  of  a  gasoline  engine  depends  upon  exploding  gas 
m  its  cylinders,  it  would  soon  get  very  hot,  due  to  the  high  temper- 
ature produced  by  the  rapid  burning  or  combustion  of  gas,  and  un- 
less it  was  cooled  in  some  manner  and  the  surplus  heat  extracted 
from  the  metal  of  which  the  cylinders  are  composed,  the  high  tem- 
perature existing  would  soon  produce  deformation  of  parts  and  would 
put  the  engine  out  of  commission. 

Q.    How  many  t3rpes  of  cooling  systems  are  used? 

A.  Automobile  power  plants  are  cooled  by  two  methods,  the 
simplest  of  which  is  to  direct  a  stream  of  air  from  a  fan  or  blower  on 
the  cylinders,  which  are  provided  with  flanges  to  increase  the  radiat* 
ing  surface,  or  by  passing  water  thru  jackets  surrounding  the  cyl- 
inders and  afterward  cooling  this  water  by  passing  it  thru  a  radiator 
eqxMsed  to  the  action  of  a  cooling  current  of  air.  Engines  are  thus 
cooled  either  by  air  directly  applied  to  the  heated  metal  or  indirectly 
utilised  when  it  cools  the  water  which  has  absorbed  the  surplus  heat 
of  the  engine. 

Q.    What  is  the  purpose  of  the  clutch? 

A.  The  clutch  is  a  simple  form  of  easily  operated  coupling  whic^ 
makes  it  possible  to  run  the  engine  independently  of  the  rear  wheels 
vhen  desired. 

Q.    Why  is  change  speed  gearing  needed? 

A.    Change  speed  gearing  is  necessary  to  provide  easily  changed 
ntioB  of  drive  between  the  engine  crank  shaft  and  the  rear  wheels  to 
nit  varying  road  conditions.    The  gears  that  give  xevex^^  xxvo\!v>rcL\i^ 
fka  etur  mre  abo  usually  included  in  the  change  speed  gp^bX  «fc\.. 
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Q.     How  is  power  usually  transmitted  to  the  wheels? 

A.  The  common  method  of  transmitting  power  from  the  gear  sei 
to  the  wheels  is  by  means  of  a  shaft  and  universal  joints  to  a  pair  d 
bevel  gears  or  a  set  of  worm  gears  at  the  rear  axle  or  by  sprockets 
and  chain. 

Q.    What  are  the  features  of  chain  drive? 

A.  Power  transmission  by  chains  make  it  possible  to  obtain  vary- 
ing ratios  of  drive  very  easily  by  merely  altering  the  sizes  of  the 
sprockets,  and  provides  for  power  transmission  with  minimum  loss 
if  the  drive  is  solely  by  chain. 

Q.    What  are  the  advantages  of  enclosed  gear  drive? 

A.     Enclosed  gearing  may  be  kept  free  from  dirt  and  grit,  and  as  i 
protected  gears  may  be  operated  continually  in  a  bath  of  lubricant, 
they  are  not  only  quiet  in  operation,  but  are  very  enduring  and  effi* 
cient. 

Q.    Why  is  the  frame  needed? 

A.  The  frame  is  one  of  the  most  important  parts  of  an  automobile 
inasmuch  as  it  supports  the  power  plant  and  power  transmission 
mechanism,  forms  a  connecting  link  between  the  axles  and  the  ma- 
chinery, carries  practically  all  of  the  controlling  elements  and  power 
p'ant  auxiliaries,  and  serves  as  supporting  member  for  the  body 
which  carries  the  load  or  passengers. 

Q.     How  is  the  frame  supported? 

A.  The  frame  is  supported  by  and  attached  to  the  axles  thru  the 
medium  of  resilient  members  called  springs. 

Q.     How  do  the  front  and  rear  axles  differ? 

A.  The  front  axle  is  simpler  than  the  rear  and  is  used  only  for 
steering.  The  wheels  are  mounted  on  steering  knuckles  which  are 
attached  to  the  ends  of  the  axle  and  which  may  be  moved  to  the 
angle  necessary  to  allow  the  wheels  to  follow  a  curve  when  going 
around  a  comer.  The  rear  wheels  are  attached  to  the  axles  in  such 
a  way  that  they  cannot  move  relative  to  the  axle,  except  to  tuni 
srovnA  with  them^  and  the  general  construction  of  the  rear  axle  on 
most  cars  includes  the  differential  and  drive  ^eaim^. 
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Q.     How  is  the  automobile  steered? 

A.     A  hand  wheel  which  is  placed  convenient  to  the  driver  acti 
ates  the  front  wheels  thru  suitable  gearing  and  links  and  is  used 
alter  the  position  of  the  wheels  for  steering. 

Q.     How  is  the  automobile  controlled? 

A.  An  automobile  is  controlled  as  far  ag  its  direction  is  conceme 
by  the  steering  gear;  its  speed  may  be  varied  either  by  altering  thflj 
speed  of  the  motor  or  by  changing  the  ratio  of  the  gearing  by  means] 
of  a  gear  shift  lever.  It  is  started  by  means  of  the  clutch  which  coi 
nects  the  engine  to  the  rear  wheels  thru  the  medium  of  the  chan^ 
speed  gearing,  and  it  is  stopped  by  suitable  brakes  or  retarding  mem-] 
bers  applied  to  the  rear  wheels  or  some  other  part  of  the  transmis^] 
sion  system  by  suitable  hand  or  foot  operated  lever 

Q.  How  many  types  of  automobile  wheels  are  generally^ 
used? 

A.  The  wheels  of  an  automobile  may  be  of  the  usual  wood  con- 
struction so  widely  used  on  horse  drawn  vehicles  changed  somewhat 
in  detail,  or  they  may  be  of  the  wire  spoke  form  similar  in  principle 
to  those  used  on  bicycles.  In  both  cases  it  is  obvious  that  the  coii-| 
struction  is  changed  so  that  the  required  strencrth  is  obtained. 

Q.     How  many  forms  of  tires  are  used? 

A.  Automobile  tires  are  usually  composed  largely  of  rubber  andj 
fabric,  and  may  be  of  the  pneumatic  or  inflated  type,  of  the  cushion' 
form,  or  of  solid  rubber.  Some  very  heavy  commercial  vehicles 
have  used  wood  block  tires,  others  have  used  steel  or  iron  tires  just 
as  utiUzed  on  horse  drawn  vehicles. 

The  non-resilient  forms,  such  as  wood  blocks  or  steel,  are  not  suit-i 
able  except  on  very  heavy,  extremely  low  speed  trucks,  because  thefi 
are  not  easy  riding  enough  to  support  the  mechanism  without  undi 
vibration,  which  causes  rapid  depreciation  of  the  parts  comprii 
the  power  plant  and  power  transmission  members. 

Q.     What  are  the  principal  body  types? 

A     The  principal  body  types  fitted  to  pleasure  car  chasses 
shown   at  Fig.  8.    These  are  the  touring,  limousine,  landaulet 
herline,  A  roadster  body  is  outlined  at  Fig.  9,  while  the  coupe  foi 
which  is  usually  employed  to  replace  a  roadatet  Xiod-^  ^Ai^ea  ^  ^V: 
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U"  is  desired,  having  a  capacity  for  but  two  or  three  passengers,  is 
lown  at  Fig.  10.  Truck  bodies  vary  very  widely  according  to  the 
ature  of  the  work  they  are  intended  for.  The  simplest  form  is  a 
latform  without  sides,  then  stakes  may  be  added  to  this  platform 
ody  or  various  forms  of  closed  wire  panel  delivery  bodies  or  ex- 
ress  wagon  types  fitted  to  the  chassis. 

Q.    What  are  automobile  bodies  made  of? 

A.  Pleasure  car  bodies  may  be  made  of  wood  or  metal.  Sometimes 
lie  panels  are  o  sheet  steel  or  aluminum  attached  to  a  wooden  frame, 
rthe  body  may  be  made  entirely  of  metal.  Motor  truck  bodies  are 
Bually  made  of  wood  and  well  ironed  and  strengthened  by  braces 
od  angle  pieces  of  steel  or  iron.  The  floors  of  motor  trucks  are 
ften  reinforced  with  strips  of  bar  steel  and  the  corners  are  provided 
ith  comer  pieces  of  metal  where  they  are  liable  to  come  in  contact 
ith  a  loading  platform. 

Q.    What  are  ''torpedo  and  stream  line"  bodies? 

A.  It  is  now  common  practice  to  make  bodies  of  pleasure  cars 
esigned  for  high  speed  of  such  form  that  air  resistance  is  reduced  to 
minimuni.  This  is  accomplished  by  the  use  of  gradual  curves  and 
nbroken  sides.  The  name  torpedo  has  been  applied  to  this  form  of 
ody  because  in  the  exaggerated  forms  they  resemble  a  projectile  of 
lis  nature  on  wheels. 

Q.    Under  what  conditions  is  air  resistance  noticed? 

A.  Air  resistance  is  of  little  moment  on  car  speeds  lower  than  30 
dies  per  hour,  but  jis  this  rate  is  exceeded,  it  is  a  very  important 
letor  which  must  be  recognized,  and  the  amount  of  exposed  area  of 
Ib  car  which  will  offer  resistance  should  be  reduced  to  as  low  a 
dkA  as  possible.  The  amount  of  power  needed  to  overcome  air 
l^'itance  varies  inversely  as  the  cube  of  the  speed.  This  means  that 
f  fhe  speed  of  the  car  is  doubled  the  power  needed  to  overcome  air 
Lce  at  half  that  speed  is  multipUed  by  eight.  For  instance,  if 
lianepower  is  absorbed  at  20  miles  per  hour,  8  horsepower  will 
to  overcome  the  air  resistance  present  at  40  miles  per 
It  18  for  this  reason  that  the  torpedo  body  has  been  evcA^j^di 
*iaart  mod&m  cars  the  frontal  area,  which  meaxi^  WiCi  iiMTclXset 
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of  square  feet  in  the  radiator,  dash,  wind  shield,  mudguai 
other  parts  that  would  offer  resistance  to  motion,  is  kept  a: 


Q.    What  is  traction  resistance? 

A  It  takes  a  certain  amount  of  power  to  overcome  the 
existing  between  the  wheels  and  the  ground  due  to  the  car 
and  to  produce  movement  of  the  vehicle.  This  is  known  as 
resistance  and  depends  largely  upon  the  nature  of  the  road  e 
the  size  of  the  driving  wheels  and  the  type  of  tire  with  which 
fitted. 


Pleasoi 


Q.     What  is  the  resistance  of  grades? 

A.  When  an  automobile  is  climbing  a  hill,  it  must  lift  its 
in  opposition  to  the  force  of  gravity,  which  exerts  no  retan 
fiuence  when  the  automobile  is  operated  on  the  level,  ant 
really  accelerates  car  motion  when  the  automobile  is  descen 
incline.  It  requires  an  effective  effort  or  push  at  the  point  of 
between  the  rear  wheels  and  the  ground  equal  to  one  per  cen 
car  weight  for  each  one  per  cent  increase  in  gradient. 

Q.     How  much  power  does  an  automobile  need? 
-^.     The  amount  of  power  required  to  v^oipeX  oa  u.m^o'o^i 
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ds  upon  the  nature  of  service  for  which  it  is  intended.  A  high 
jd  car  of  comparatively  light  weight  may  require  more  power 
a  a  heavily  loaded,  slow  moving  truck.  An  automobile  that  is 
)e  used  in  hilly  country  or  where  road  conditions  are  not  good, 
is  more  power  than  a  machine  of  the  same  type  operated  under 
■e  favorable  conditions.     This  is  a  point  that  is  hard  to  decide, 

no  general  rules  can  be  given.  If  an  automobile  has  too  much 
rer,  it  will  use  an  excess  of  fuel  over  the  amount  actuidiy  seeded 
>ropel  the  vehicle  and  will  rack  itself  to  pieces  sooner  than  one 
t  is  lacking  in  power.  The  under-powered  car,  however,  usually 
'orms  very  well  on  the  level  and  under  favorable  conditions,  but 

very  unsatisfactory  when  used  on  hills  or  bad  roads.  Much  de- 
ds  upon  the  general  design  of  the  automobile,  and  the  efficiencj' 
he  power  transmission  and  driving  elements. 


|.    What  is  the  usual  proportion  of  power  to  weight? 
<    Pleasure  cars  thao  are  intended  for  tounng  qt  ^\^  s^«^ 
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work,  usually  have  one  horsepower  for  each  50  pounda  car  weight. 
Medium  speed  touring  cars  and  runabouts  usually  have  one  horse- 
power for  each  75  pounds  car  weight.  Delivery  wagons  designed  ta 
speedy  service  usually  employ  a  power  plant  of  such  size  that  one 
horsepower  is  provided  foreachlOOpounds,  while  designers  of  heavy 
motor  trucks  that  operate  at  very  low  speeds  find  that  one  horse- 
power to  two  or  three  hundred  pounds  weighl  is  adequate. 


CaDiKCtii{-ibd  Bcu«t 


LESSON  TWO 

ACTION  OF  THE  TWO  AND  FOUR-STROKE  CYCLE 

MOTORS 

Q.     Describe  the  operating  principle  of  the  gas  engine » 

A.  Power  is  obtained  in  a  gas  engine  by  exploding  some  combus- 
tible vapor  or  gas  in  a  closed  cylinder  which  is  provided  with  an  in- 
ternal 3delding  member  moved  by  the  force  of  the  explosion.  The 
moving  member  converts  the  expansive  power  of  the  rapidly  burn- 
ing gases  to  mechanical  energy  by  suitable  leverage.  The  gas  en- 
gine is  a  form  of  heat  engine  just  as  the  steam  or  hot  air  motor. 

Q.    How  does  the  gas  engine  differ  from  the  steam  engine? 

A.     The  gas  engine,  while  it  embodies  some  of  the  main  elements 
used  in  a  steam  engine,  differs  greatly  in  general  design.   The  cylinder 
b  provided  with  a  water  jacket  and  most  of  the  gas  engines  used  as 
automobile  power  plants  have  the  connecting  rod  attached  directly 
to  the  reciprocating  member  or  piston  in  the  cylinder  instead  of  to 
ft  crosshead  as  used  in  a  steam  engine    Most  forms  of  steam  engines 
are  double  acting.  That  is  to  say,  the  steam  is  admitted  first  to  one 
end  of  the  cylinder,  and  then  to  the  other,  and  both  ends  of  the  pis- 
ton take  a  power  impulse.    All  gas  engines  used  in  automobiles  or 
similar  vehicles  are  single  acting,  which  means  that  the  expansion 
of  gas  that  produces  the  power  takes  place  in  the  upper  end  of  the 
eylinder  and  against  the  top  of  the  piston  only. 
The  power  of  a  steam  engine  can  be  increased  within  certain  lim- 
^  its  by  augmenting  the  pressure  and  quantity  of  steam  supplied  the 
\  cylinder.    The  effective  force  obtained  by  the  explosion  of  gas  in 
i  a  gasoline  engine  attains  a  certain  maximum  volume  which  cannot 
I  be  increased.    It  is  possible  to  start  a  steam  engine  under  load, 
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while  a  gasoline  engine  can  be  started  under  these  conditions  only 
by  means  of  some  mechanical  starting  arrangement  that  will  enable 
the  crank  shaft  to  be  turned  until  a  charge  of  gas  has  exploded  in 
the  cylinder.  A  steam  engine  starts  as  soon  as  steam  is  admitted 
to  the  cylinders.  A  gas  engine  as  used  in  automobiles  will  not  start 
unless  the  crank  shaft  is  rotated  by  a  starting  handle  or  some  other 
mechanical  equivalent.  A  steam  engine  is  an  external  combustion 
motor  while  the  gas  engine  is  an  internal  combustion  type. 

Q.     Define  "external"  and  "internal"  combustion. 

A.  External  combustion  means  burning  the  fuel  which  produces 
power  outside  of  the  cylinder  as  is  the  case  when  water  is  heated  in 
a  steam  boiler,  which  is  separate  from  the  steam  engine.  Internal 
combustion  is  what  takes  place  when  the  gas  that  produces  the  heat 
from  which  power  is  obtained  is  burnt  or  exploded  directly  against 
the  piston  in  the  cylinder.  An  engine  which  depends  upon  the  in- 
ternal combustion  principle  is  more  efficient  than  an  external  com- 
bustion form  because  loss  of  heat  is  less. 

Q.     How  is  fuel  supplied  to  gas  engine  cylinders? 

* 

A.  The  gas,  which  may  be  derived  from  the  burning  of  coal  in  a 
gas  producer,  manufactured  by  the  usual  methods  of  making  illumi- 
nating gas  or  taken  from  natural  underground  sources  as  natural 
gas,  is  supplied  to  the  cy  inders  of  a  gas  engine  directly  from  the 
source  of  supply  through  the  medium  of  piping  which  leads  to  the 
combustion  chamber  of  the  motor.  When  liquid  fuel  such  as  gas- 
oline or  kerosene  is  used,  it  is  first  transformed  into  a  gas  by  atom- 
izing or  spraying  a  small  quantity  of  the  liquid  into  an  entering 
charge  of  pure  air  which  changes  the  liquid  spray  to  a  vapor  that 
afterward  mixes  intimately  with  the  air  to  form  an  inflammable  gas. 

Q.  What  is  necessary  before  the  gas  in  the  cylinder  can  be 
exploded? 

A.  Before  exploding  the  gas  charge  it  is  customary  to  compress  it 
Into  from  one-third  to  one-fifth  of  the  cylinder  volume.  A  charge  ol 
gas  that  is  not  compressed  will  burn  comparatively  slow  and  will  not 
produce  much  power.  The  more  the  gas  charge  is  compressed  the 
greater  the  force  of  the  explosions.  There  is  a  limit  to  the  amount 
of  compression,  because  if  kerosene  or  gasoline  vapor  pressure  is  itt- 
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creased  over  120  lb.  per  square  inch,  it  will  be  exploded  by  the  heat 
derived  from  compressing  the  charge. 

Q.  What  is  the  difference  between  "explosion"  and  "combus- 
tion"? 

A.  The  difference  is  mere  y  a  matter  of  time,  as  an  explosion  is 
rapid  or  practically  instantaneous  combustion. 

Q.     Why  does  expansion  of  gas  produce  power? 

A.  When  the  gas  charge  which  has  been  compressed  to  a  point 
ranging  from  60  to  90  lb.  per  square  inch  before  ignition  is  exploded 
its  tendency  is  to  expand  and  regain  the  volume  it  occupied  before 
compression.  As  the  increase  in  temperature  due  to  burning  pro- 
duces an  actual  increase  in  volume,  considerable  pressure  is  directed 
against  the  sides  of  the  container  in  which  the  gas  was  exploded. 
If  one  of  these  walls  is  a  yielding  member  it  will  be  forced  outward 
by  the  pressure  of  the  gas  which  ranges  from  300  to  400  lb.  per 
square  inch  if  the  charge  has  been  fired  normally,  and  even  higher 
than  this  if  the  charge  has  preignited,  or  exploded  before  the  proper 
time. 

Q.     What  are  the  main  elements  of  any  gas  engine? 

A.  The  main  elements  of  a  gas  engne  are  a  containing  chamber 
in  which  the  gas  is  exploded,  which  is  called  the  ^'cylinder,"  and  a 
yielding  member  termed  the  * 'piston''  against  which  the  force  of  the 
explosion  is  directed.  The  piston  is  joined  to  a  crank  shaft  by  means 
of  a  movable  link  called  the  connecting  rod  which  transforms  the 
reciprocating  or  back  and  forth  motion  of  the  piston  to  a  rotary  or 
turning  movement  of  the  crankshaft.    (Fig.  11) 

Q.     What  is  the  two-stroke  cycle  principle? 

A.  In  the  two-stroke  cycle  engine  the  piston  makes  but  two 
strokes  and  the  crankshaft  one  revolution  for  each  explosion  in  a 
single  cylinder  motor.  On  the  upward  stroke  of  the  piston  a  gas 
charge  which  has  been  previously  transferred  to  the  interior  of  the 
cylinder  is  compressed  by  the  upward  movement  of  the  piston  and 
at  the  same  time  a  charge  of  fresh  gas  is  drawn  into  the  engine  base, 
due  to  the  suction  of  the  piston  as  it  moves  upward  in  the  cylinder. 
When  the  piston  reaches  the  top  of  this  stroke  the  gas  above  it  is 
compressed  ready  for  igni:tion  while  the  cylinder  and  ctwcJ«Jc^a%\jfe.- 
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low  it  are  also  filled  with  gas.    The  electric  spark  takes  place  just 
the  piston  reaches  the  top  of  its  upward  movement  and  explodes  tin 
gas  under   compression   m  the   combustion  chamber.     This 
plosion  drives  the  piston  down  and  at  the  same  time  it  compressei 
the  charge  of  gas  in  the  engine  base. 

Just  a  little  before  the  piston  reaches  the  bottom  of  its  stroke  ■ 
port  in  the  cylinder  wall  is  uncovered  by  the  piston  and  the  bum* 
gases  escape.    When  the  greater  part  of  the  heat  of  the  exhaust  gaa 


Fig.  12.— Two  and  Three  Port  Two-Cjrcle  Engines  Compared 
A— Typical  Two-Port  Design  With  Automatic  Valve  in  Crank 
Case.  B — Conventional  Three-Port  Design  With  Charging  Port 
Controlled  by  Piston  Movement. 

has  been  disposed  of  the  piston  uncovers  another  port  on  the  oppo- 
site side  of  the  cylinder  which  communicates  with  the  engine  base 
interior  and  the  chaise  of  fresh  gas  which  is  under  compression  at 
thstpoint  is  trMisferred  through  a  bypass  or  transfer  passage  from 
iie  lower  part  of  the  piston  to  the  portion  ot  ttve  c^VrndftT  «.bove  tbe 
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wston  top.  This  entering  stream  of  fresh  gas  strikes  a  deflector 
jlate  interposed  between  the  inlet  and  exhaust  port  across  the  top 
if  the  piston  so  the  fresh  charge  of  gas  is  directed  to  the  upper  por- 
&m  of  the  cylinder  instead  of  passing  out  through  the  now  fully 
;^ned  exhaust  port.  The  piston  is  moved  up  to  the  top  of  the  cylin- 
ler  again  by  means  of  momentum  or  energy  stored  in  the  engine 
flywheel  and  operations  of  compressing  the  gas  above  the  piston  top 
and  charging  the  lower  portion  of  the  engine  base  with  gas  are  again 
effected.  When  the  piston  reaches  the  top  of  the  cylinder  the  gas 
18  again  exploded  and  this  cycle  of  operations  continues  as  long  as 
fuel  is  supplied  the  cylinder  and  a  spark  is  provided  to  ignite  it  at 
the  proper  time.  (See  Fig.  12.) 
Q.    What  is  the  four-stroke  cycle  principle? 

A.  The  four-stroke  cycle  engine,  commonly  termed  the  "Four 
cycle"  or  Otto  cycle,  differs  from  that  previously  described  in  that 
four  strokes  of  the  piston  are  necessary  to  obtain  an  explosion  in  the 
cylinder.  The  operation  of  this  form  of  engine  is  clearly  outlined  at 
Kg.  13.  The  first  stroke  of  the  piston  which  is  shown  at  A  is  a 
down  stroke  or  movement  from  the  closed  to  the  open  end  of  the 
cylinder.  During  this  suction  or  intake  stroke  a  vacuum  or  suction 
is  produced  in  the  cylinder  and  an  inlet  valve  member  opens  to  admit 
ft  charge  of  gas  which  is  drawn  in  by  the  pumping  action  of  the 
moving  piston.  This  inlet  valve  remains  open  during  the  entire 
first  down  stroke,  and  closes  when  the  piston  reaches  the  end  of  its 
downward  movement. 

The  second  stroke  of  the  piston  is  depicted  at  B,  This  is  an  up- 
ttroke  in  which  the  piston  moves  from  the  open  to  the  closed  end  of 
he  cylinder.  The  intake  valve,  which  has  been  open  on  the  first 
troke,  is  closed,  as  is  also  the  exhaust  valve  which  is  utilized  to  close 
he  i>a88age  through  which  the  burnt  gases  are  expelled.  During 
Ids  upward  movement  the  charge  of  gas  which  has  been  previously 
lawn  into  the  cylinder  is  compressed.  At  the  end  of  this  stroke, 
h  electric  spark  takes  place  to  explode  the  gas. 
'Tbe  third  stroke  which  is  outlined  at  C  is  termed  the  "explosion 
f  "power  stroke."  In  this  the  piston  is  driven  down  by  the  expand- 
Ill' gM  with  a  force  depending  upon  the  area  of  the  pi&toii  tQip  ^sA 
^-^xmitkm  in  the  cylinder.    At  the  instant  of  com\>>is\.Vya.  ^  ^\^- 


^g.  13.~Diagrams  IHustrating  Four-Cycle  Motor  kodnn. 
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ton  with  an  area  of  10  square  inches  will  receive  an  impulse  varying 
in  value  from  1500  to  2000  pounds.  As  the  piston  goes  further  down 
on  its  stroke,  and  the  burnt  gases  expand  more,  the  pressure  becomes 
reduced  to  a  point  where  the  gases  have  so  little  pressure  that  it  is 
better  to  dispose  of  them  than  to  take  further  advantage  of  their 
expansive  force. 

The  power  of  a  gas  or  gasoline  engine  is  usually  figured  on  a  basia 
of  mean  effective  pressure  of  80  to  100  lb.  per  square  inch,  which  ia 
considered  as  existing  during  the  entire  stroke  of  the  piston.  When 
the  piston  reaches  approximately  seven-eighths  of  its  stroke  following 
the  explosion,  the  exhaust  valve  is  raised  by  a  cam  member  and  tha 
inert  gases  escape  through  the  open  exhaust  port  by  virtue  of  their 
pressure.  The  next  stroke  of  the  piston  is  outlined  at  D  and  is  termed 
the  *'exhausf  or  scavenging  stroke,  and  it  is  devoted  exclusively  to 
clear  the  cylinder  of  the  burnt  gases.  These  are  pushed  out  by  the 
upward  movement  of  the  piston,  and  when  the  piston  reaches  the 
end  of  its  stroke  the  exhaust  valve  closes  and  the  inlet  valve  opens 
again  to  admit  a  fresh  charge  of  gas  during  the  suction  stroke. 

It  will  be  seen  that  in  a  four-cycle  engine  the  piston  must  make 
twice  as  many  strokes  as  in  a  two-cycle.  This  is  because  all  the  work 
is  done  in  the  upper  portion  of  the  cylinder  and  by  the  piston  top. 
One  entke  piston  stroke  is  necessary  to  fill  the  cyhnder,  and  a  full 
piston  stroke  is  devoted  to  clearing  the  cylinder  of  burnt  gas.  In  a 
two-cycle  engine,  these  two  operations  are  performed  at  practically 
the  same  time. 

Q.     Name  advantages  of  two-cycle  engine. 

A.  Owing  to  the  more  rapidly  occurring  series  of  explosions,  a 
two-cycle  engine  has  a  much  more  even  torque,  which  is  synonym 
mous  to  more  uniform  power  application.  A  two-cycle  engine  is 
much  simpler  than  four-cycle,  as  in  its  simplest  form  it  comprises 
practically  only  the  essential  elements  absolutely  necessary  to  se- 
cure power  from  the  explosion  of  gas.  There  are  but  three  moving 
parts,  namely,  the  piston,  connecting  rod  and  crankshaft.  As  the 
ports  through  which  the  gas  enters  and  leaves  the  cylinders  are  opened 
and  closed  by  the  piston  the  use  of  valves  which  are  necessary  with 
a  four-cycle  engine  is  dispensed  with. 
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Fig.  14. — Sectional  View  of  Vslve  Chest  of 
the  De  Dion  Form  of  Single  Cylinder 


Q.  How  manytypi 
oftwo-cyde  et^inesa 
used? 

A.  Three  main  type 
of  two-cycle  engines  oi 
generally  used.  Theseai 
the  two-port,  three-pof 
and  differential  pisto 
forms. 

Q.    What  is  a 
port,  two-cycle  engine 

A.  A  two-port  two- 
cycle  engine  is  shown  at 
Fig.  12  A.  In  this  form  _ 
of  motor  the  ga3  ento^ 
into  the  crankcase, 
through  a  passageway  U 
that  member,  which 
closed  by  an  automatia 
valve  of  the  mushroUB 
type.  It  is  called  a  two- 
port  engine  because  but 
two  ports  are  provided  in 
the  cylinder  walls.  On* 
b  for  disposition  of  Uw 
exhaust  and  the  other 
permits  the  fresh  gas  to 
enter  the  cylinder.  Both 
of  these  ports  are  uncov- 
ered or  fuUy  open  when 
the  piston  reaches  the 
bottom  of  its  stroke,  or 
when  approximately  m 
the  position  shown. 


Q.     What  is  the  three-port,  two-cycle  engine? 

A.     The  three-port,  two-cycle  en^ne  is  so  called  because  there  Ht. 

three  porta  in  the  cylinder  wall  instead  oi  i^o.    Oxib  oV  V&swfc  v**^ 
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rves  as  a  means  for  gas  entrance  to  the  engine  crankcase  and  is 
Dy  opened  only  when  the  piston  reaches  the  top  of  the  cylinder  or 
le  end  of  the  up-stroke.  The  other  two  ports  are  exactly  the  same 
;  location  and  perform  the  same  functions  as  do  those  in  the  two- 
Mi;  engine.  The  three-port  is  the  simplest  form  and  is  a  truly 
ilveless  motor,  inasmuch  as  the  two-port  engine  utilizes  an  auto- 
latic  inlet  or  check  valve  to  prevent  the  gas  from  escaping  from  the 
rankcase  interior  when  the  piston  is  moving  down.  In  a  three-port 
igine  the  piston  wall  itself  covers  the  intake  or  charging  port  to 
hich  the  carburetor  is  attached  as  it  descends  on  its  power  stroke 
nd  no  check  valve  is  necessary  in  the  engine  base. 

Q.    What  is  a  "difFerential"  piston,  two-cycle  engine? 

A.  This  form  of  motor  utilize;^  a  piston  which  has  an  enlarged 
mer  portion  so  that  it  is  virtually  a  double  member.  The  lower 
3rtion  of  the  cylinder  bore  is  enlarged  to  fit  the  larger  diameter  of 
le  piston  and  a  pimiping  chamber  is  thus  formed.  The  inlet  gas  is 
rawn  into  this  chamber  and  compressed  therein  prior  to  transfer 
to  the  upper  or  working  end  of  the  cylinder  instead  of  into  the 
Igine  base. 

It  is  claimed  that  it  is  easier  to  keep  a  pumping  chamber  of  cylin- 
ical  form  tight  than  it  is  to  have  an  absolutely  tight  engine  base. 
I  the  bearings  of  the  ordinary  form  of  two-cycle  engine  wear,  a 
rtain  amount  of  air  is  drawn  in  through  the  worn  bearings  and 
lutes  the  mixture  in  the  crankcase  and  at  the  same  time  the  amount 
compression  which  insures  prompt  transfer  of  the  gas  charge  from 
e  engine  base  to  the  cylinder  is  reduced  because  of  this  leakage. 
I  a  differential  piston  engine,  piston  rings  are  depended  on  to  keep 
e  lower  piston  tight  in  its  pumping  cylinder  and  the  engine  oper- 
ion  18  not  affected  by  bearing  depreciation. 

Q.    What  are  the  disadvantages  of  two-cycle  motors? 

k*  Two-cycle  motors  are  not  as  efficient  as  the  four-cycle  forms, 
maae  it  is  practically  impossible  to  expel  the  burnt  gases  and  fill 
t  cylinder  with  fresh  gas  at  the  same  time  without  serious  mixing. 
m  j^OalAaa  of  the  fresh  gas  by  the  inert  burnt  products  tedw^^^  \^% 
mod  h  win  not  explode  as  readily  as  p\xrt,ir^'^f^'^f^   T\kKiy 
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again,  a  certain  amount  of  the  fresh  charge  invariably  flows  out  ol 
the  open  exhaust  port  before  this  is  closed  by  the  upwardly  moving 
piston.  The  two-cycle  engine  will  not  throttle  down  as  well  aa  ■ 
four-cycle,  nor  will  it  attain  as  high  speeds.  Two-cycle  engines  an 
rather  sensitive  to  mixture  variations,  and  instead  of  develofHiig 
twice  the  power  that  a  four-cycle  of  the  same  piston  displacement  01 
cjriiader  dimensions  wiU  give,  they  only  deliver  about  1.5  tizQea  tbi 
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power  and  use  twice  as  much  fuel.  Two-cycle  engines  are  not  as 
flexible  as  the  four-cycle  form  and  do  not  respond  as  readily  to 
throttle  control.  They  are  not  as  satisfactory  for  general  automo- 
bile service  as  four-cycle  engines  are,  and  have  not  received  very 
wide  application  as  automobile  power  plants. 

Q.     Where  are  two-cycle  engines  widely  used? 

A.  Two-cycle  engines  are  entirely  suitable  for  use  where  a  wide 
range  of  speed  variation  is  not  dcBired,  and  have  been  successfully 
^)plied  as  stationary  engines  and  motor  boat  power  plants. 


Pfc.    16. — Simple   Two-Cjrlinder    Opposed    Water-Cooled   Motor. 

Q.  What  are  the  advantages  and  disadvantages  of  four-cycle 
engines? 

A.  When  a  four-cycle  engine  is  compared  to  the  two-cycle  form 
it  IB  ^parent  that  it  is  more  complicated,  inasmuch  as  it  has  many 
mull  parts  that  are  liable  to  make  trouble  which  are  not  found  in 
a  two-cycle  motor.  At  the  other  hand  the  four-cycle  form  is  the  more 
fleodble  and  economical  of  fuel,  as  a  full  stroke  of  the  piston  is  de- 
nted to  charing  the  cylinder  with  gas  and  the  inlet  valve  closes 
H  voon  aa  the  cylinder  is  filled,  so  there  is  no  opportunity  for  the 
irash  g/ta  to  escape  or  to  become  diluted  with  e^^auKt  oi  &«fiA.  ^a- 
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An  entire  stroke  of  the  piston  and  part  of  the  power  stroke  is  devoted 
to  clearing  out  the  burnt  gases  so  that  the  cylinder  of  a  four  cycb 
engine  ia  more  thoroughly  scavenged  than  ia  that  of  a  two-cycle 
motor.  A  four-cycle  engine  responds  readily  to  throttle  control  and 
its  speeds  may  be  accelerated  from  a  few  hundred  revolutions  per 
minute  to  several  thousand  without  lack  of  uniformity  or  the  back- 
firiag  usually  present  when  a  two-cycle  engine  is  accelerated  too 
quiokly.  A  four-cycle  engine  will  run  faster  than  the  two-cycle  form 
and  it  is  also  able  to  run  slower  when  the  supply  of  ga^  is  reduced. 


Fig.  17.— Inlet  Side  of  Typical  Four-Cylinder  Water-Cooled  Motor. 

Q.     How  many  cylinders  do  gas  engines  have? 

A,     Gas  engines  used  for  automobile  power  plants  usually  have 

four  or  six  cylinders.    Formerly  simple  types  of  one  and  two  cylindtt 

aiotors  were  very  popular,  but  at  present  these  have  been  largelf 
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displaced  by  the  multiple  cylinder  form.  Racing  automobiles  have 
been  made  with  eight,  twelve,  and  sixteen  cylinders,  but  eight  cylin- 
ders have  been  the  greatest  number  ever  used  on  a  stock  touring  car. 

Q.     What  is  the  advantage  of  a  one-cylinder  engine? 

A.  The  main  advantage  of  a  single  cylinder  motor  is  that  of 
simplicity.  Practically  no  one-cylinder  autonioliiles  are  on  the 
market  at  the  present  time,  though  many  one-cylinder  cars  of  early 
vintage  are  still  giving  satisfactory  service. 


Note  Compact  GroupinE  of  Ignition  Units  and  Generator  Assembly. 

Q.  Why  are  multiple  cylinder  engines  superior  to  simple 
types? 

A,  Multiple  cylinder  engines  are  smoother  running  because  they 
deliver  power  more  uniformly  than  do  the  simple  one  and  two  cyli- 


Q.    How  many  explosions  per  crankshaft  revoXu^wn  act  oV 
'  m'tb  vmn'oas  forma  of  four-cycle  engine'? 
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meeting  Hod  Bearing  BolU 


A.  The  crankshaft  of  a  single  cylinder  four-cycle  engine  wilt 
receive  one  impulse  every  two  revolutions.  That  of  a  two  cylinder  ■ 
form  will  receive  an  impulse  every  revolution,  A  three  cylinder 
crankshaft  will  receive  three  impulses  in  two  revolutions  or  one  every 
iwo  tbirda  craakshatt  revolution.  Four  explosions  are  obtained  for 
svery  two  revolutions  of  a  four  cylinder  cTaD)£sV«S^  ox  Xwq  ewSa. 

i 
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r 

r 

iievolution.     Three  impulses  are  given  to  the  crankshaft  of  a  six 

S^inder  engine  per  revolution  and  that  of  an  eight  cylinder  motor 

\  receives  four  impulses  per  crankshaft  revolution.    It  will  be  apparent 

[  that  the  greater  the  number  of  cylinders  the  smoother  the  engine 

q)eration  will  be  because  the  crankshaft  receives  more  power  strokes 

m  a  unit  of  time.     A  two-cycle  motor  crankshaft  will  receive  twice 

'as  many  impulses  per  revolution  as  that  of  a  four-cycle  engine 

having  the  same  number  of  cylinders. 

Q.    Are  five  or  seven  cylinder  engines  practical? 

A.  Five  cylinder  engines  of  the  conventional  form  having  five 
throw  crankshafts  have  been  made  and  have  operated  satisfactorily 
though  they  do  not  run  enough  smoother  than  a  four  cyUnder  to 
warrant  their  replacing  this  type  of  standard  engine  and  at  the  same 
time  their  torque  is  not  equal  to  that  of  a  six  cylinder  engine,  so  they 
k*ve  not  been  appUed  to  automobile  service.  Any  number  of  cylin- 
lers  that  will  go  into  360  evenly  can  be  utilized  in  conjunction  with 
crankshaft  having  the  same  number  of  throws  as  there  are  cylin- 
Brs,  and  these  cranks  may  be  arranged  so  that  the  explosions  will 
Uow  each  other  evenly.  A  seven  cylinder  engine  cannot  be  made 
the  usual  form,  but  has  been  made  with  cylinders  revolving  around 
Sxed  crank  for  aeroplane  use.  A  five  cylinder  revolving  engine  was 
nneirly  utilized  as  a  power  plant  on  an  automobile  sold  in  limited 
imbers. 

Q.     What  is  the  limit  of  engine  weight  per  horse  power? 

A.  The  ordinary  automobile  power  plant  will  weigh  about  ten 
unds  per  horse  power,  but  very  light  gas  engines  for  use  as  aero- 
ue  power  plants  have  been  made  in  the  water  cooled  form  that 
dghed  less  than  five  pounds  per  horse  power  complete  and  in  the 
:  cooled  revolving  cylinder  forms  that  weighed  but  three  pounds 
r  horse  power.  .  Automobile  power  plants  have  been  improved 
estly  in  recent  years,  as  25  or  30  pounds  per  horse  power  was  not 
nndered  excessive  weight  when  the  first  gas  engines  were  applied 
•afeomobile  service. 


LESSON  THREE 

PARTS  OF  GASOLINE  MOTORS  AND  THEIR  FUNCTIOl 

Q.    What  are  the  parts  common  to  all  engines? 

A.     All  internal  combustion  engines,  regardless  of  type,  must  ha^ 
the  following  parts:    Cylinder,  piston,  cpnnecting  rod,  cranksh 
and  engine  base. 

Q.     What  additional  parts  are  used  only  by  four-cycle 
gines  ? 

A.  In  addition  to  parts  previously  enumerated,  four-cycle  en 
must  have  inlet  and  exhaust  valves,  valve  operating  push  r 
valve  springs  for  closing  the  valves,  cams  to  open  them  and  geari 
of  some  form  to  drive  the  camshaft  from  the  crankshaft.     (I 
Fig.  2L)  ^ 

Q.    What  is  the  cylinder  and  of  what  material  is  it  made?    ; 

A.  The  cylinder  is  the  portion  of  the  engine  in  which  the  gasi 
are  confined  prior  to  ignition  and  which  serves  as  a  guide  for  ' 
piston  member  which  transmits  the  power  of  the  explosion  to 
crankshaft.  Cylinders  are  very  accurately  machined,  the  bore  bei 
about  .005"  larger  than  the  piston  and  the  interior  walls  are  madi 
straight  and  true  by  boring  and  grindmg.  Cylinders  are  mvariaWg 
made  of  cast  iron  of  special  mixtiu'e  because  this  material  withst 
the  heat  better  than  any  other  and  is  easily  poured  into  moulds 
a  molten  condition  to  form  very  intricate  shapes  that  would  be 
cult  to  produce  commercially  in  any  other  way. 

Q.    Where  is  the  combustion  chamber? 
A.     The  combustion  chamber  is  at  the  upper  end  or  closed  pol 
tion  of  the  cylmder.    (Fig  21.)  " 

Q.     How  are  cylinders  cast? 

A,     Cylmder8  may  be  cast  individually,  in  pairs^  or  in  blocks  O 
ihree,  four  or  six. 
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ijMi—OatiiBins  Parts  of  Two-Cyde  Motor  and  Also  Showing  the 
*     a  Meceaaary  to  Secure  Action  of  a  Four-Cycle  UiAnt  <CDa!c 
-' i  la  tbe  Two-Cytle  Forma. 
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Q.    What  is  the  water  jacket? 

A.  The  water  jacket  is  a  wall  surrounding  the  cylinder  c 
and  separated  from  the  cylinder  wall  by  a  space  through  whicl 
is  circulated  around  all  portions  of  the  cylinder  that  are  li 
become  unduly  heated  while  the  engine  is  in  operation. 

Q.     How  is  it  attached  to  the  cylinder? 

A.  The  water  jacket  is  usually  incorporated  as  part  of  th< 
der  by  casting  it  integral.  The  spaces  through  which  the 
circulates  are  formed  by  the  use  of  cores  made  of  sand  which 
rate  the  two  walls  until  the  molten  metal  which  has  been 
around  and  between  the  cores  has  had  a  chance  to  cool.  Wl 
casting  is  removed  from  the  mould  the  sand  is  taken  out  of  th 
jackets  and  leaves  a  space  through  which  water  can  circulat 

Q.     Are  cylinders  ever  made  without  jackets? 

A.  Some  forms  of  water  cooled  cylinders  are  cast  with< 
water  jacket  which  is  afterward  applied,  either  by  an  electro 
sition  process  or  by  fastening  a  sheet  metal  water  jacket  to  s 
flanges  on  the  cylinder  by  screwing  it  in  place,  by  brazing  < 
soldering  it  or  by  any  other  suitable  mechanical  means. 

Q.    What  is  the  valve  chamber? 

A.  The  valve  chamber  is  a  projecting  portion  of  the  cyli 
which  the  valves  are  placed  that  control  the  gas  flow  in  or  ou 
combustion  chamber  and  to  which  the  inlet  and  exhaust  mj 
are  attached. 

Q.     Where  is  it  placed  on  the  cylinder? 

A.  The  valve  chamber  may  be  placed  at  one  side  of  the  c 
and  of  sufficient  size  for  both  valves  or  two  valve  chambers 
utiUzed^  one  placed  at  each  side  of  the  cylinder  head  and  carryi 
one  valve.  When  cylinders  are  cast  in  pairs  and  a  valve  cha 
used  on  but  one  side  there  is  room  enough  for  four  valves.  Bi 
two  valve  chambers  are  utilized  each  need  only  be  large  en- 
provide  accommodation  for  two  valves.  Valve  chambers  ar 
times  made  in  the  form  of  separate  castings  which  are  atta 
the  top  of  the  cylinder  or  the  valves  may  be  housed  in  cage 
are  inserted  directly  into  suitable  openings  made  to  receive 
t^e  cylinder  head.     (See  Figs.  21,  23,  25,  26.^ 
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Q.     What  is  the  cylinder  head? 

A.  The  cylinder  head  is  the  name  generally  given  to  the  uj 
or  closed  end  of  the  cylinder. 

Q.     Name  two  methods  of  constructing  cylinder  heads. 

A.  Cylinder  heads  may  be  a  separate  casting  attached  to 
cylinder  member  by  bolts  or  they  may  be  formed  integrally  with 
cylinder  during  the  casting  process.  The  latter  is  the  conventi( 
method. 

Q.     What  are  the  advantages  of  individual  cylinders? 

A.  It  is  claimed  that  individual  cylinders  are  simpler  to  fori 
the  foundry,  easier  to  handle  in  the  machine  shop  and  that  they 
more  cheaply  replaced  in  event  of  damage  than  where  cylinders 
cast  in  a  block.  With  some  form  of  engines  it  is  possible  to  use  i 
individual  cylinder  castings.  This  is  true  of  the  two  cylinder 
posed  form,  engines  having  mechanically  applied  sheet  metal  yi 
jackets  and  air  cooled  engines.    (Fig.  26  ) 

Q.     What  are  the  advantages  of  block  castings? 

A.  Block  castings,  in  which  three  or  more  cylinders  are 
together,  not  only  make  a  shorter  and  more  compact  cylindei 
sembly  possible,  but  produce  a  stronger  engine  because  the  c; 
der  block  actually  reinforces  the  engine  base.  With  unit  casi 
of  the  individual  type  the  engine  is  longer  and  the  crankcase  ] 
be  made  heavier  in  order  to  secure  the  proper  degree  of  strei 
(Fig.  27.) 

Q.    What  are  the  valves? 

A.  The  valves  are  members  that  control  the  ports  through  "^ 
the  gases  enter  and  leave  the  combustion  chamber, 

Q.     Name  two  types  of  valves. 

^A.  Valves  are  either  automatically  or  mechanically  opei 
and  may  be  ot  the  conventional  mushroom  or  poppet  valve  ty] 
of  the  sleeve,  slide,  piston,  ring  or  rotary  disc  forms. 

Q.     Can  automatic  valves  be  used  for  exhaust? 

A.     Automatic  valves  cannot  be  used  for  exhaust  because 
can  only  open  when  there  is  a  partial  vacuum  in  the  cyUnder  or  ^ 
the  pressure  in  the  cylinder  is  less  than  that  oi  t\ife  ou\«t  ^\s.    t 
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»m,  n,    BoctloiiBl  View  Through  Cylindw  and  Crankcase  of 
Pierce-Arrow  T  Head  Motor. 
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matic  valves  cannot  be  used  except  for  letting  in  a  charge  of  fn 

gas  as  they  will  only  open  during  the  suction  stroke  of  the  pist 

Q.     Why  must  exhaust  valves  be  mechanically  operated? 

A.  Exhaust  valves  must  be  mechanically  operated  because  tl 
are  forced  to  open  against  the  pressure  of  the  burnt  gas  in  the  cyl 
der  which  may  be  three  or  four  times  that  of  the  atmosphere. 

Q.    Where  are  valves  placed  as  a  rule? 

A.     Conventional  practice  is  to  place  the  valves  in  pockets 
valve  chambers  at  one  or  both  sides  of  the  cjdinder  castings.    Tl 
are  commonly  placed  so  that  when  opened  the  entering  fresh  j 
stream  will  flow  directly  into  the  combustion  chamber  or  so  the 
haust  gas  will  find  a  free  passage  to  the  outer  air. 

Q.    Describe  the  three  common  methods  of  valve  placin 

A.  The  three  common  methods  of  valve  placing  are  at  the  1 
of  the  cylinder  opening  inward,  all  valves  at  one  side,  or  half  on  c 
side  and  the  remamder  on  the  other.  In  some  engmes  one  valve  n 
be  placed  at  the  top  of  the  cylinder  while  the  other  is  carried  ii 
side  pocket. 

Q.    How  are  valves  operated? 

A.  Valves  are  usually  operated  by  means  of  push  rods  wh 
are  actuated  by  revolving  cams.  The  method  of  valve  operati 
depends  upon  its  placing  in  the  cylinder.  If  placed  in  a  pocket 
the  side  it  may  be  operated  directly  by  means  of  a  movable  p  uni 
interposed  between  the  cam  and  the  valve  stems.  If  placed  in  1 
cylinder  head  it  is  usually  actuated  by  a  push  rod  and  centra 
fulcrumed  lever  which  changes  the  upward  movement  of  the  va 
plunger  to  a  downward  movement  of  the  valve  stem.    (See  Fig.  2 

Q.    What  is  the  advantage  of  L  head  construction? 

A.  It  is  claimed  that  greater  compactness  is  obtained  by  plac 
all  valves  on  one  side  of  the  engine  and  that  the  piping  is  m 
easily  installed.    (Figs.  23  and  27.) 

Q.    What  is  the  advantage  of    T    head  construction? 

A.  Carrying  the  valves  on  both  sides  of  the  cylinder  makei 
possible  to  use  larger  valve  members  and  ports  of  greater  area 
^Iiepasissge  of  the  gases.    (Fig.  24.) 
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Q.  What  is  the  advantage  of  "valve-in-the-head"  coi 
tion? 

A.  When  the  valves  are  placed  so  that  they  open  direct 
the  combustion  chamber  it  is  possible  for  the  gases  to  flow  wi 
friction  on  account  of  the  direct  passages  aad  a  combustion  cl 
is  provided  which  has  greater  efBciency  as  regards  heat  lossc 
either  the  "L"  or  "T"  form.    (Figs.  25  and  26.) 

Q.     ^Vhat  dete; 
sizes  of  valves  ? 

A,  Valve  sizes 
termined  by  the  c; 
volume  and  by  tb 
at  which  the  eng 
erates.  High  spi 
gines  require  larg 
meter  valves  in  ] 
tion  to  the  cylind 
than  do  low  ape 
gines.  The  form 
cam  and  shape 
valve  head  also 
bearing  on  the 
the  valve. 

Q.  Name  fot 
mushroom  velvet 
A,  Mushroon; 
may  have  either 
seat  (Fig.  28)  oral 
seat  (Fig.  30).  T 
usually  a  one-pie 
etruction  and  are  machined  from  a  forging  of  nickel  steel, 
times  the  head  is  of  one  mat«rial,  such  as  a  35%  nicke 
electrically  welded  to  a  carbon  steel  stem.  Valves  are  son 
made  with  a  head  of  cast  iron  which  is  attached  to  the  Bte 
by  riveting  the  end  of  the  stem  over  ^ter  the  cast  piece  ii 
oa  the  upper  end. 
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SA.~C7linder  Pair  of  Knox  Engine  With  Valves-in-the-Head. 

Are  other  forms  of  valves  practical? 

A  number  of  other  forms  of  valves  have  been  developed  re- 
that  differ  radically  from  the  mushroom  form.  Tlaese  Wja 
tUgfrncteay  service  in  some  instaiices. 
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Fig.  28.— Typical  Flat  Seat  Valve  and  Spring. 

Q.     Name  the  other  systems  of  valve  construction, 

A,  The  other  forms  of  valves  that  have  been  evolved  to  replace 
the  poppet  type  usually  consist  of  some  rotating  or  sliding  member 
that  uncovers  ports,  through  which  the  gases  pass. 

Q.    What  is  the  Knight  engine? 

A.    The  Knight  engine,  wh  ch  is  illustrated  at  ¥S^.%\wA%1>- 
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Fig.  Z9. — Conventional  Methods  of  Operating  Internal  Combui 
Motor  Valves.  A — Valve  Actuated  by  Rocker  Lever  and  Ti 
Rod.    B — Valve  Operated  \yf  Simple  Plunger  Resting  on  "dx  ( 

operates  on  the  four-cycle  principle  and  has  two  sliding  sJ 

which  are  placed  inside  the  cylinder  and  interposed  betwee 

cy\mAeT  wall  and  the  piston.     These  are  given  an  up  and 

movement  by  BiBSk&  connecting  rods  attafilifti  to  ttift  ^ttK;>i«  \ 
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3nd  and  a  small  auxiliary  crankshaft  at  the  other  These  sleeves 
mcover  ports  which  are  formed  in  the  cylinder  walls. 

Q.     What  are  rotary  valves? 

A.  Rotary  valves  are  forms  in  which  the  ports  in  the  combustion 
chamber  are  opened  by  a  revolving  cylnder  or  disc  at  a  certain 
portion  of  its  revolution. 

Q.  Describe  action 
of  typical  rotary  valve. 

A.  The  Mead  rotary 
valve  motor  utilizes  a 
cylinder  of  metal  placed 
at  the  side  of  the  com- 
bustion chamber  and 
driven  at  one-quarter  the 
crankshaft  speed  by 
means  of  silent  chain 
gearing.  One  of  these 
cylinders  is  carried  at 
each  side  of  the  cylinder 
blocks,    one   serving   to 

admit  the  gases  into  the  combustion  chamber,  the  other  to 
provide  means  for  their  discharge.  The  operation  of  this  form  of 
valve  is  very  simple.  A  series  of  slots  are  mach  ned  in  the  revolving 
valve  member  and  at  the  proper  points  in  the  cycle  of  operation 
these  register  with  suitably  formed  ports  in  the  combustion  chamber 
and  manifold  respectively.    (Figs.  33,  35.) 

Q.     What  are  piston  and  ring  valves? 

A.  In  c  ome  engines  a  sliding  member  or  piston  is  used  to  uncover 
ports  in  the  cylinder  walls  as  shown  at  Fig.  36  A  or  a  reciprocating 
ring  may  perform  the  same  function  as  in  the  Sphinx  motor  depicted 
at  Fig.  37. 

Q.     What  is  a  simple  rule  for  size  of  inlet  valve  ? 

A.     The  effective  area  of  a  valve  port  when  the  valve  is  fully 
opened  should  be  a  little  greater  than  the  size  of  the  passage  of  pipe 
through  which  the  gases  enter  thecylinder.  ThesizeoltWixAi^^fc^^fir 
sage  as  determinedin  usual  engine  practice  maybe  iound^kai^^^Q^^* 


Fig.  30.— Outlining  Design  of  Typical  Bevel 
Seat  Motor  Valve. 
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Fig.  31. — End    Section   of   Knight   Engine    Showing    Sliding  SUli 
Which  Replace  Poppet  Valves  for  Controlling  Gas  Passages. 


1.  The  diameter  of  the  passage  is  equal  to  that  of  the  pistoni 
^.iphed  by  .30  on  slow  speed  engines  and  by  .40  on  high  speed  n 
2.  The  area  of  the  inlet  passage  is  equal  to  one-eighth  the  an 
the  piston.  3.  Intake  passage  area  should  equal  area  of  pistcmj 
jjpJJed  by  the  speed  of  the  piston  in  feet  per  minute  and  then  (n 
Jiy  SOW. 
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Q.    Name  simple  rules  for  size  of  exhaust  ports. 
A.     Usually  the  diameter  of  the  exhaust  port  equals  that  of  the 
piston  multiplied  by  .35  on  low  speed  engines  and  .50  on  high  speed 
engines.     The  area  of  the  exhaust  passage  should  equal  that  of  the 
pbton  multiplied  by  the  speed  and  divided  by  5000  as  a  minimum. 
Q.    When  should  the 
iidet  valve  open  ? 

A.  The  inlet  valv« 
should  open  from  ten  to 
fifteen  degrees  crank 
travel  after  the  piston 
leaves  its  uinermost 
position  in  the  cylinder. 
Q.  When  should  the 
inlet  valve  close  ? 

A.  The  inlet  valve 
closes  from  fifteen  to 
thirty-five  degrees  after 
the  piston  starts  to  go 
up  on  its  compression 
stroke. 

Q.  What  is  meant 
by  valve  lead? 

If  a  valve  opens 
before  the  piston  starts 
on  the  stroke  corres- 
pondil^  to  valve  opening,  the  valve  is  said  to  open  early  or  to  have 
lead. 

Q.     What  is  meant  by  valve  lag? 

A,     If  a  valve  opens  late  or  remains  open  after  it  is  theoretically 
supposed  to  close,  it  is  said  to  have  lag. 
Q.     When  should  exhaust  valve  open? 

A.   The  exhaust  valve  usually  opens  about  45  degrees  as  indi- 
caied  hy  crank  travel  before  the  piston  reaches  the  end  of  its  power 
la  this  case  the  exhai^t  vaWe  bas  aXeeA  rf.  45  dfi^ees. 
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Q.     When  should  the  exhaust  valve  dose? 
A.     The  exhaust  valve  is  usually  allowed  to  lag  about  10  degrees 
after  the  piston  reaches  the  end  of  its  scaven^ng  strdke. 

Q.  ^Vhat  is  the  act- 
ual duration  of  inlet 
stroke? 

A.  The  period  during 
which  the  inlet  valve  re- 
mains open  varies  ac- 
cording to  the  lag  at  the 
time  of  opening  and  clos- 
ing. If  the  valve  opens 
15  degrees  late  and  closes 
35  degrees  after  the  pis- 
ton has  started  up  on 
its  compression  stroke  it 
has  remained  open  a  pe- 
riod equal  to  200  degrees 
crankshaft  travel.  If  it 
opens  promptly  on  top 
center  and  closes  on  bot- 
tom center  it  would  only 
remain  open  a  period 
equal  to  180  degrees 
:  crank  travel  or  half  a 
I  revolution  of  the  fly- 
'   wheel. 

,      Q.    What  is  the  act- 
ual duration  of  exhaust     ^'e-  3^-- 
stroke? 

A.     The  exhaust  valve  usually  remains  open  a  period  equal  to  a 
erank  travel  of  235  degrees. 
Q.     Why  is  exhaust  valve  opened  early? 

A.  The  exhaust  valve  is  opened  before  the  piston  re&ehsa  tlafc 
bottom  of  its  power  stroke  because  the  gas  contained  m^^ifel^\«i.i«t 
its  eimeiderable  pressure  and  will  tend  to  fiy  out  ol  tti^&  CTfCvaABc 
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Fig.  35. — Outlining  Action  of  Mead  Rotary  Valve  Motor.  A — Exl 
Valve  Just  Closed,  Intake  Valve  Just  Opening,  Piston  at  B< 
ning  of  Suction  Stroke.  B — Piston  at  Bottom  of  Stroke,  ! 
Passage  Just  Closing.  C — Piston  at  End  of  Compression  Sti 
Both  Valves  Closed.  D — Piston  at  Bottom  of  Explosion  Sti 
Exhaust  Passage  Fully  Opened. 

because  of  its  pressure  even  before  the  piston  starts  going  \ 
a  scavenging  stroke.  It  is  necessary  to  give  this  lead  to  exhai 
the  high  speed  engines  used  as  automobile  power  plants  in  on 
Insure  thorough  clearing  of  the  cylinder  by  taking  advantage  < 
pressure  of  the  exhaust  gases. 
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}.   Why  is  valve  lag  desirable? 

-  When  the  piston  reaches  the  top  or  bottom  of  its  stroke,  there 
Q  appreciable  period  measured  in  degrees  as  the  crank  swings 
•  its  center  position  where  the  piston  movement  relative  to  the 
k  travel  is  comparatively  small.  If  the  valves  are  kept  open 
ng  this  period,  more  gas  can  enter  or  leave  the  cylinder  than 
Id  be  the  case  if  the  valve  closed  promptly  when  the  piston 
iied  the  top  of  its  stroke.  The  rapidly  moving  gas  acquires  a 
lin  momentum  which  is  taken  advantage  of  by  keeping  the  valve 
as  long  as  possible. 


idinins  Construction  of  Piston  and  Slide  Valve  Motors  of 
I  Origin.  A — Reciprocating  Piston  Controls  Inlet  and 
PsHages.  Note  Peculiar  Valve  Actuating  Mechanism. 
Valve  Operated  by  Face  Cam  Driven  From  Motor  Crank 
anan  l^  Bevel  Gears. 

How  can  one  time  valves  easily? 
'  A  very  simple  method  of  valve  timing  is  outlined  at  Fig.  39 
^ihom  the  manner  in  which  the  various  points  at  which  valves 
bllld  doM  are  indicated  on  the  face  of  the  fiywb.&e\  xim..    ^.W. 
-i'i— ».i»  divided  into  360  parts.    Each  of  these  parts  \&  <Mi!\%A. 
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Pump 


a  degree.  If  the  diameter  of  the  flywheel  is  known  its  circumfer 
can  be  obtained  by  multiplying  the  diameter  in  inches  by  3.1 
If  the  circumference  is  then  divided  by  360  the  distance  or  pai 
ot  the  hywhetA  circumference  equivalent  to  one  degree  may  be  ei 
computed.    The  Bisi  operation  is  to  biin^  tte  vibNoti.  m  ^sioa  «J 
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cylinders,  usually  that  of  the  first  or  fourth,  to  its  uppermost  posi- 
tion at  the  end  of  the  compression  stroke.  A  point  is  then  indicated 
on  the  flywheel  which  will  register  with  the  vertical  center  line  of 
the  engine.  This  indicates  the  firing  point  for  two  of  the  cylinders 
of  a  four  cylinder  engine,  though  obviously  one  fires  during  one  rev- 
olution of  the  flywheel,  while  the  other  explodes  a  complete  revolu- 
tion after.  In  the  example  indicated  the  flywheel  is  IS"  in  diameter. 
A  crank  travel  of  15  degrees  is  equal  to  2^"  measured  on  the  fly- 
wheel circumference.  Forty-five  degrees,  which  is  the  lead  of  the 
exhaust  valve,  b  equivalent  to  a  distance  of  7^"-  The  lag  of  inlet 
closing  or  35  degrees  is  equal  to  a  distance  of  5^"  while  the  lag  of 
exhaust  closing  or  10  degrees  is  equal  to  1^".     It  will  be  evident 


Fig.  38. — Side  Sectional  View  of  Sphinx  Motor  Showing  PecuUn  hn.- 
nolar  Exhaust  and  Intake  Passages  and  lUng  Valift  CttiAxo'K'ai^ 
tfaff  AdmisMioB  and  Expuhioa  of  Gas. 
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it  the  valves  may  be  timed  to  open  and  close  very  accurately  if 
>  engine  flywheel  is  provided  with  the  proper  marks  and  a  suitable 
mmel  or  other  indicator  is  placed  on  the  engine  base  to  indicate 
center  line  of  the  engine. 

I   What  is  the  camshaft? 

.  The  small  auxiliary  shaft  that  carries  the  valve  lifting  cams 
usually  nms  parallel  with  the  crankshaft  and  which  is  driven 
hat  member  is  called  the  camshaft.  Some  engines  have  but  one 
jhaft,  which  carries  the  cams  utilized  in  operating  both  inlet 
exhaust  valves.  The  "L''  type  cylinder  engine  needs  but  one 
ihaft  while  the  power  plant  provided  with  "T''  head  cylinders 
§  two  camshafts,  one  at  each  side  of  the  motor.  (Figs.  23 
54.) 


1 


INLCT  V/ILVL  OP£NS: 


fNLET  V/ILVE  CL0St3, 


mammmm* 


the  Time  of  Opening^  and  Closing  oi  InVfiX  NtT.;^ 
JMMtive  to  CrankshsA  Travel. 
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EXHfiUSTV/tL\/E  OPENS. 


Fig.  41. — Outlining  Position  for  Opening  and  Closing  E 
Q.     How  is  the  camshaft  driven?  .^ 

A.     The  camshaft  may  be  driven  by  means.of  gearing  as  dlttllK 

Fig.  42  or  by  silent  chains  as  outlined  at  Fig.  43.  :■ 

Q.     At  what  speed  is  the  camshaft  driven? 
A.     The  camshaft  of  a  four-cycle  engine  is  always  diivea  flC'll 

the  engine  speed  and  always  by  positive  gearing. 
Q.     What  is  a  cam? 
A.     A  cam  is  a  cylinder  of  metal  having  a  raised  portion  itti 

point  on  its  periphery.] 

Q.     What  is  the  difference  between  inlet  and  exhaust  tfHt 
A.     The  difference  between  inlet  and  exhaust  cama  is  intlw^ 

profile  as  the  member  intended  to  lift  the  exhaust  valve  has  a  loB 

t/wsJJ  or  larger  and  longer  raised  portion  because  the  exhaust  n 
IsAept  open  longer  than  the  inlet  membeT. 
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Q.     How  are  cams  attached  to  the  camshaft? 

A.  The  cams  lUEiy  be  separate  forgings  assembled  on  a  piece  of 
straight  shaft  and  held  from  turning  by  means  of  keys  and  taper 
pins  driven  through  both  cam  and  shaft.  Or  they  may  be  formed 
integrally  with  the  camshaft  by  either  a  forging  or  machinery 
process. 

Q.     How  do  cams  raise  the  valves? 

A.  The  point  of  a  cam  raises  the  valve  stem  through  the  medium 
of  a  plunger  or  cam  follower  which  rides  on  the  cam  and  follows  the 
profile.  As  will  be  seen  at  Fig.  44,  when  the  point  of  the  cam  is  not 
in  contact  with  the  roller  on  the  valve  operating  plunger ,  that  membef 


Fif.  4Z—Fttmt  View  of  Engine  Showing  Geaiine  tot  Ov««-'^t  C«ta 
Shaft. 
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projects  down  and  iB  nearly  in  contact  with  the  circular  pc 
the  cam  profile.  As  soon  as  the  projection  moves  around  a 
hits  the  roller,  that  member  is  raised  and  rides  over  the  pi 


noee  of  the  cam,  thereby  raising  the  valve  plunger  and  the  vi 
it  operates. 

Q.    What  is  the  best  form  of  valve  plunger  ? 
A.     The  best  form  of  valve  plunger  to  use  depends  entir 
caw  proGle.     The  pretened  construction  \s  U>  Mse  «.\isJiEwi 
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member,  to  secm-e  lightness,  provided  with  a  hardened  roller  at  its 
lower  end  that  follows  the  cam  contour  with  a  rolling  motion.  Where 
the  cam  construction  permits  a  mushroom  plunger  is  sometimes 
employed. 

Q.    How  are  valve  plunger  guides  fastened? 

A.     Valve  plunger  guides  are  attached  to  the  engine  base  by  any 
one  of  three  commonly  used  methods.     That  most  widely  applied  is 


rig.  44. — Defining  Method  by  Which  Valve  Operating  Cam  Raises  the 
Plunger  Between  Camshaft  and  Valve  Stem.  A — Plunger  Just 
Engaging  Point  at  Cam.  B — Plunger  Fully  Raised.  C — Plunger 
Leaving  Point  of  Cam. 

to  bolt  them  down  with  small  cap  screws.  Optional  methods  are  the 
use  of  a  stirrup  or  double  yoke  member  which  is  held  by  one  bolt  and 
which  holds  two  valve  plunger  guides  or  by  screwing  the  guide 
bushings  into  suitable  tapped  holes  in  the  engine  base. 

Q.     What  keeps  the  valves  against  their  seats? 

A.    The  valves  are  kept  seated  by  means  of  coil  springs  which  are 
under  compression  and  which  always  oppose  cam  action. 

Q.     Which  valve  has  the  strongest  spring? 

A.     The  strength  of  the  valve  springs  depeixda  oa  txv^^q^^  ^'^ 


Questions  and  Answers 


Parts  of  Gasoline  Motors  8S 

valve  operation.  If  the  inlet  valve  is  operated  by  suction  only,  the 
spring  is  comparatively  light  and  the  exhaust  valve  has  the  strongest 
spring.  When  mechanical  valves  are  employed  and  both  are  the 
same,  the  exhaust  and  inlet  valve  springs  are  of  equal  strength  to 
facilitate  replacement  and  to  make  them  interchangeable  durmg 
manufacturing. 

Q.     How  strong  should  valve  springs  be? 

A.  Valve  springs  should  be  just  strong  enough  to  hold  the  valve 
firmly  against  its  seat  and  to  return  it  to  a  closed  position  at  the 
maximum  speed  of  the  motor  just  as  soon  as  the  cam  roller  leaves 
the  raised  portion  of  the  valve  operating  cam.  If  valve  springs  are 
too  strong,  considerable  power  will  be  consumed  in  raising  them, 
whereas  if  too  weak  the  valve  operation  and  consequently  the  engine 
action  will  be  erratic. 

Q.    Name  advantages  of  enclosed  valve  gear. 

A.  On  modem  motors  the  tendency  is  to  enclose  the  valve  oper- 
atmg  plungers  and  springs  in  chambers  formed  in  the  cylinder  cast- 
ings  by  means  of  cover  plates.  This  is  desirable  practice  because  it 
keeps  dirt  and  grit  away  from  the  valve  operating  plungers  and  valve 
stems  and  insiu*es  superior  quietness  of  operation.    (Fig.  23.) 

Q.     What  is  the  piston  and  of  what  material  is  it  made? 

A.  The  piston  is  a  reciprocating  cylindrical  member  that  moves 
in  the  cylinder  and  which  transforms  the  power  of  the  explosion  to 
mechanical  energy.  Pistons  are  usually  made  of  close  grained  gray 
iron  of  approximately  the  same  mixture  as  the  cylinder  iron  though 
where  great  hghtness  is  desired,  as  on  aeroplane  motors,  steel  may  be 
employed.    (Fig.  45.) 

Q.     What  are  the  piston  bosses? 

A.  The  piston  bosses  are  projections  cast  inside  of  the  piston  to 
hold  the  wrist  pin  or  member  that  supports  the  upper  end  of  the  con- 
necting rod.    (Fig.  46.) 

Q.    What  are  the  piston  rings? 

A.  A  piston  is  usually  provided  with  a  series  of  grooves  in  which 
rings  of  cast  iron  are  mounted  to  form  a  packing.    The  piston  must 
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be  a  free  fit  in  the  cylinder  in  order  that  it  will  not  expand  lu 
when  heated  and  bmd.  For  thisreaeonthepackingringsarede; 
ed  upon  to  keep  t1 
ploding  gases  from 
ing  by,  and  as  the; 
considerable  elast 
they  conform  to  th 
inder  bore  and  6t  i 
closely.  As  they  ar 
row  they  do  not 
much  bearing  surfi 
the  cylinder  and  d 
offer  undue  fricti 
properly  lubricatec 
piston  rings  are  u 
placed  at  the  top 
piston,  as  shown  a 
45,  though  in  ra 
stances  they  have 
applied  to  the  bott 
the  piston,  as  outlii 
Fig.  46. 

Q.    Name     ccH 

form  of  piston  ri 

A.     The  piston  rings  may  have  a  uniform  thickness  at  all 

and  the  inside  be  concentric  with  the  outside  or  they  may  be  tl 

at  one  side  than  the  other  and  the  inner  circle  of  the  ring  be  ] 

eccentrically  in  relation  to  the  outer  periphery.    The  eccentri 

Is  the  type  more  generally  used,-as  it  is  believed  to  have  a  moi 

form  expansion  when  heated  than  the  concentric  form.    The ; 

ring  is  always  thinnest  at  the  point  where  it  is  split. 

Q.    Why  are  piston  rings  split? 

A.  Piston  rings  are  split  for  two  reasons,  the  most  imp" 
bemg  to  obtain  sufficient  elasticity  so  that  they  may  be  epn 
place  in  the  piston  grooves  and  also  that  they  may  expand  suffic 
to  take  up  the  space  existing  between  the  p\sto"a,  sca4  c^^aaiiua 
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Q.     Why  are  piston  rings  carefully  machined? 

A.  Piston  rings  are  carefully  machined  so  they  will  be  true  to 
cylinder  bore  and  fit  the  grooves  of  the  piston  accurately  and  at  the 
same  time  they  must  have  a  smooth  surface  where  they  contact 
with  the  cylinder  walls  in  order  to  reduce  friction  to  a  minimum. 
After  piston  rings  have  been  in  use  for  a  time  the  surface  becomes 
covered  with  a  hard  glaze  and  there  is  practically  no  friction  between 
the  ring  and  the  cylinder. 

Q.  What  is  the  difference  in  size  between  piston  diameter 
and  cylinder  bore? 

A.  The  piston  is  always  made  smaller  than  the  cylinder  by  a  few 
thousandths  of  an  inch.  The  difference  between  diameter  and  bore 
is  regulated  by  the  size  of  the  engine  and  the  methods  of  cooling 
employed.  On  ordinary  automobile  engines  the  piston  has  three 
diameters,  being  smallest  at  the  top  and  largest  at  the  bottom.  The 
amoimt  of  taper  of  the  piston  walls  is  so  slight  that  it  is  not  notice- 
able except  with  delicate  measuring  instruments.  The  piston  of  a 
five  inch  bore  engine  would  be  .007"  smaller  at  the  top  than  the 
cylinder  or  4.993"  in  diameter.  At  the  middle  point  approximately 
on  the  center  line  of  the  piston  bosses  the  piston  would  be  4.995"  in 
diameter  or  .005"  smaller  than  the  cylinder  bore.  At  the  bottom 
the  piston  would  be  about  .003"  smaller  than  the  cylinder  bore. 

Q.     Why  is  this  difference  in  size  necessary? 

A.  The  piston  is  made  smaller  than  the  cylinder  bore  in  order 
to  prevent  friction  between  piston  and  cylinder  walls  as  they  become 
heated  in  operation  and  to  provide'a  space  between  the  reciprocating 
and  fixed  members  or  an  oil  film 

Q.     What  is  the  wrist  pin? 

A.  The  wrist  pin  is  a  short  bar  of  steel  of  circular  or  tubular 
cross  section  placed  between  the  two  piston  bosses  to  which  the 
upper  or  small  end  of  the  connecting  rod  is  fastened. 

Q.     How  is  the  wrist  pin  secured  in  piston  bosses? 

A.     The  wrist  pin  is  usually  a  push  fit  in  the  piston  bosses  and  is 
kept  from  moving  out  of  place  by  some  form  of  lo^ik  ^VlSrJcl  ^^^«^ 
throu^  hath  piston  boss  and  wrist  pin.     The  aVcapV^^X.  iQtxQ.  oS.  V^^ 
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is  a  common  set  screw  which  bears  against  the  wrist  pin  or  i 
form  of  taper  pin  or  split  cotter,  passing  through  the  piston  boasei 
into  the  wrist  pin  interior.    (Fig,  46.) 

Q.    What  is  the  connecting  rod? 

A.  The  connecting  rod  is  the  member  that  forms  the  connectiO| 
link  between  the  reciprocating  piston  and  the  rotary  crankshaft. 
It  describes  a  rotary  movement  at  its  lower  end  and  oscillates  at  iti 
upper  end.    (Fig.  47.) 


Fig.  47. — Connecting  Rod  ABsembly  and  Bushings  Used  on  Cruk 
Shaft  Main  Bearings. 

Q.     What  determines  connecting  rod  length? 

A.  The  length  of  the  connecting  rod  depends  entirely  upon  tbe 
stroke  of  the  engine.  Long  stroke  motors  have  longer  connecting 
rods  than  short  motors.  A  connecting  rod  is  usually  equal  to  2.6 
times  the  stroke  of  the  piston  in  length. 

Q.     What  materials  are  used  in  connecting  rods? 

A.  Connecting  rods  are  invariably  made  of  steel  drop  forpogB 
at  the  present  time,  though  formerly  steel,  bronze,  and  even  mallt- 
Mi?/e  iron  casting  were  used. 
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Q.     Name  two  common  connecting  rod  types. 

A.  The  common  forms  of  connecting  rods  used  on  automobile 
motors  are  shown  at  Fig.  48.  That  at  A  is  known  as  the  marine 
type  and  the  lower  cap  is  an  entirely  separate  member  from  the 
connecting  rod  proper  and  is  attached  thereto  by  means  of  two  or 
four  bolts.  The  form  outlined  at  J5  is  a  modified  marine  type  and  in 
this  the  lower  cap  is  hinged  at  one  side  and  attached  by  means  of  a 
bolt  at  the  other.    (See  also  Figs.  45,  47.) 


RiUi^lok 
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Fig.  48. — Outlining  Method  of  Constructing  Connecting  Rod  Big  Ends. 
A — ^Marine  Type  with  Completely  Removable  Cap.  B — Hinged 
Type. 

Q.     What  is  the  upper  connecting  rod  bearing  made  of? 

A.  The  upper  connecting  rod  bearing  is  usually  a  bushing  of 
hard  bronze  forced  into  the  boss  at  that  end  of  the  connecting  rod. 
It  bears  on  and  runs  in  connection  with  a  case  hardened  steel 
wrist  pin. 

Q.    What  is  the  lower  connecting  rod  bearing  made  of? 

A.     The  lower  connecting  rod  bearing,  which  encircles  the  crank 
pin  of  the  crankshaft,  is  usually  composed  of  some  anti-friction 
metaly  such  as  Babbitt  on  the  cheap  light  engines  oi'Pwc^ovN&NqVc^ 
hran^e  or  similar  alloy  on  the  more  expensive  motors.    Otv\\\^  ^'^- 
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gines  the  Babbitt  metal  13  often  poured  directly  into  the  conned 
rod  lower  end  and  the  connecting  rod  cap.  On  high  priced  motore^ 
alloy  is  made  in  the  form  of  die  cast  buahings,  one  of  which  fitstlj 
connecting  rod  and  the  other  the  cap.    Bronze  brasses  are  al 
sometimes.     (See  Fig.  47.) 

Q.     What  means  are  provided  to  adjust  bearings? 

A.     A  number  of  shims  or    liaers  of  thin  metal,  such  ! 
copper  or  brass  stock,  ranging  from  .002"  to  .OOC"  and  soraetim 
thicker,  are  interposed  between  the  upper  and  lower  connecting  rol 


Fig.  49. — How  Ciialmers  Pistons  and  Connecting  Rods  Arc  Weighed 
and  Balanced  So  that  Members  Working  in  Unison  Will  Have  tlie 
Same  Weight  and  Assure  Smooth  Running  of  Motor. 


meniber.s.  After  a  certain  amount  of  service,  jf  the  brasses,  as  the 
bushings  are  technically  termed,  wear  so  that  there  is  appreciable 
looseness  between  tht?  connecting  rod  and  crank  pins,  one  or  more  of 
these  shims  may  l>e  removed  and  the  boxes  brought  closer  together 
to  compensate  for  the  amount  of  wear.  Sometimes  one  thick  shim 
of  fiber  or  brass  is  provided  instead  of  the  greater  number  of  smaller 
ones,  and  this  is  thinned  down  by  filing  to  decrease  the  distance 
between  the  brasses. 
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Q.    Are  plain  bearings  the  only  practical  kind? 

A,     While  plain  bushings  are  more  generally  used  on  the  connect- 
ing rod  big  ends  and  main  journals  of  the  crankshaft,  anti-friction 
'    bearings  of  the  ball  or  roller  type  have  been  used  with  some  degree 
of  success. 

Q.     What  are  the  advantages  of  anti-friction  bearings? 

A.  Anti-friction  bearings,  especially  those  of  the  ball  type,  turn 
much  more  easily  than  plain  bushings  and  less  power  is  consumed 
by  bearing  friction  when  they  are  employed.  They  are  also  more 
enduring  than  the  plain  journals,  and  when  properly  selected  show 
absolutely  no  wear  after  extended  periods  of  operation.     (Fig.  50.) 

Q.  What  is  the  accepted  relation  between  cylinder  bore  and 
piston  stroke? 

A.  The  piston  stroke  of  modern  engines  is  longer  than  the  diam- 
eter  of  the  bore.  Usually  the  piston  movement  is  equal  to  about 
1.25  times  the  diameter  of  the  piston.  The  piston  stroke  in  extreme 
cases  may  be  1.75  or  2  times  the  cylinder  bore. 

Q.     What  is  a  long  stroke  motor? 

A.  Any  motor  where  the  ratio  of  stroke  to  bore  is  greater  than 
1.5  to  1  is  termed  a  ''long  stroke  motor." 

Q.     What  limits  length  of  strpke? 

A.  The  permissible  length  of  stroke  of  the  piston  is  limited  by 
an  arbitrary  piston  speed  which  it  is  not  desirable  to  exceed  because 
difficulties  in  lubrication  and  cooling  are  apparent  at  greater  piston 
speeds  than  that  established  by  common  practice. 

Q.     Define  "piston  speed"  and  give  commonly  accepted  limits, 

A.  The  stroke  of  the  piston  in  inches  multiplied  by  2  and  this 
product  multiplied  by  the  number  of  revolutions  per  minute  and  this 
in  turn  divided  by  12  will  give  the  piston  speed  in  feet  per 
minute.  An  engine  with  a  six  inch  stroke  going  at  1,000  R.  P.  M. 
will  have  a  piston  speed  of  1000  feet  per  minute,  which  is  the  com^ 
monly  accepted  limit. 

0.     0£  two  engines  going  at  the  same  cranks\val\.  ^^^^ft^  ^'^ 
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the  IcHig  stroke  or  short  stroke  engine  have  the  highest  pit 
speed? 

1    A.     The  piston  of  the  long  stroke  motor  will  obviously  have 
greatest  piston  speed.    The  shorter  the  stroke  of  an  ei^oe,  tirj 
greater  the  number  of  revolutions  its  crankshaft  can  attiun. 

Q.     What  is  the  crankshaft? 

A.  The  crankshaft  is  the  part  of  the  motor  which  converts  thil 
reciprocating  motion  of  the  pbton  to  a  continuous  rotary  movemot 
suitable  for  driving  the  wheels  of  the  automobile. 


BB 

/'•>-    i 

ITm 

l^g 

-VI 

lykrr^ 

Pig.  50. — Showing  Ball-Bearing  Crankshaft  of  the  Two-Bearing  Foll^ 
Throw  Type  used  in  White  Motors. 

Q.     What  are  crankshafts  made  of? 

A.  Crankshafts  are  invariably  made  of  steel  and  are  usiullf 
formed  by  the  drop  forging  process  which  forges  them  out  approx- 
imately to  the  correct  form.  Crankshafts  employed  on  moderate 
priced  engines  are  usually  of  carbon  steel,  while  those  utilized  on  hj|^ 
powered  engines  are  made  of  chrome-nickel  and  other  high  tensile 
strength  alloy  steels. 

Q.  What  is  the  relation  between  crankshaft  throw  and  piston 
stroke? 

A.  The  crankshaft  throw,  which  b  the  distance  between  the 
center  line  of  the  crank  pin  and  that  of  the  crankshaft  proper,  ia 
•a/naj-s  half  the  piston  stroke.  ■ 
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Q.     Do  all  crankshafts  have  the  same  number  of  throws? 
A.     Crankshafts  intended  for  multiple  cylinder  engines  have  more 
throws  than  simple  forms  intended  for  one  or  two  cylinder  engines. 
Q.     Are  crankshafts  always  In  one  piece? 

A,     Crankshafts  are  not  always  made  from  one  forging  or  piece 
of  metal.    They  are  sometimes  composed  oi  a  number  of  distinct 
machined  pieces  fastened  together  by  mechanical  means,    {Fig.  51.) 
Q.     Why  are  built-up  crankshafts  necessary? 
A.     On  small  single  cylinder  and  two  cylinder  V  engines,  such  as 
used  for  motorcycle  propulsion,  the  connecting  rod  is  usually  formed 
in   one   piece  and  the 
crankshaft    assembly 
must  be  completed  after 
the  connecting  rod  is  in 
place  on  the  crank  pin. 
With  a  split  connecting 
rod   construction    one 
piece  crankshafts  are 
employed,  whereas  when 
one-piece  connecting 
rods  are  used  it  is  neces- 
sary   to   use  a  built-up 
crankshaft. 

Q.  What  are  counter 
weights? 

A.  Counter  weights 
are  fan  shaped  masses  of 
cast  iron  attached  to  the 
crankshaft  of  single  cyl- 
inder and  some  forms  of 
two  cylinder  motors  to 
balance  the  reciprocat- 
ing   weight    of    the 

pistons  anda  part  otthe 

Fig.  SL—Secdonal    View    of    Typical    Air-     connecVlttC,  lO^S-    ^^%^ 
Cooled    Motorcycle    Eagine     Showine      _^    .  , 
Built-up  Crmkabatt  52  A..) 
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Q.    How  are  they  attached  to  the  crankshaft? 

A.     The  conventional  method  of  attaching  counter  weights 
bolt  them  to  the  crankshaft  webs,  though  on  built-up  cranks] 
used  on  motor  cycle  engines  they  are  sometimes  cast  or  forged 
tegral  with  the  flywheel  members  that  correspond  to  the  webs: 
the  usual  crankshaft  and  to  which  the  crank  pin  is  attached. 
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Fig.  52. — Showing  Various  Forms  of  One  and  Two  Cylinder  Crank- 
shafts. A— Single  Throw  Crankshaft  With  Balance  Weights. 
B— One-Throw  Two-Cylinder  Crankshaft  With  Balance  Weights. 
C — Crankshaft  for  Two-Cylinder  Opposed  Motor. 

Q.     How  are  crankpins  spaced  in  two  cylinder  engines? 

A.     Crank  pins  of  two  cylinder  engines  may  be  arranged  in  two 
different  ways.    In  vertical  engines  both  connecting  rods  may  be 
attached  to  a  common  crank  pin,  as  shown  at  Fig.  52  B^  or  they  may 
be  placed  at  180  degrees  or  opposite  eact  other ,  aa  AiOWDi  %X»'S\%,  ^7.^ 
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^.  53  A.  When  both  crank  pins  are  on  the  sune  plane  in  a  two 
der  vertical  engine  it  is  possible  to  have  the  explosions  follow  in 
ar  sequence,  but  the  engine  is  not  in  correct  mechanical  balance, 
e  crank  pms  are  spaced  as  outlined  at  Fig.  53  A,  the  engine  is  in 
ST  mechanical  balance,  but  the  explosions  are  not  separated  by 
lar  intervals.  The  best  method  of  utilizing  two  cylinders  is  to 
1  double  opposed  motor.  In  this  case  the  crank  pin  arrangement 
shown  at  Fig.  52  C.  Counter  weights  are  necessary  when  both 
ecting  rods  act  on  the  same  crank  pin,  just  as  in  a  one  cylinder 


.  53^Uticonvcntioiia1  Two-Cylinder  Crankshaft.       A — For  Two- 
Cylinder  Vertical  Engine.     B— For  Two-Cylinder  V  Engine. 

How  are  the  crankpins  spaced  in  three  cylinder  motor? 

Crank  pins  of  a  three  cylinder  motor  are  arranged  on  thirds 
circle  or  120  degrees  apart.    (Fig.  54  A.) 

How  are  crankpins  arranged  on  four  cylinder  crankshafts? 

The  conventional  arrangement  of  crank  pins  on  a  four  cyl- 
■  crankshaft  is  outlined  at  Fig.  54  B.  Four  separate  crank 
fR  are  provided  on  two  planes,  spaced  180  degrees  apart.  The 
ipjna  for  connecting  rods  1  and  4  are  on  a  line  and  the  pistons 
t^Hp  aod  down  together.    The  crank  throws  of  pistons  2  and  3 
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Q.    How  are  crankpins  spaced  on  six  cylinder  engines? 

A.  The  crank  pins  of  six  cylinder  crankshafts  may  be  arrj 
in  two  ways.  The  simplest  arrangement  is  outlined  at  Fig.  54  C. 
this  three  crank  pins  are  provided,  spaced  120  degrees  apart,  justi 
same  as  in  a  three  cylinder  crankshaft,  each  crank  pin  serving 
two  cylinders.  The  other  method  outUned  at  Fig.  54  D  may  be 
to  be  composed  of  two  three  cylinder  crank  shafts  joined  toget 
The  crank  pins  for  cylinders  1  and  6  are  on  the  same  plane,  the 
tons  of  cyUnders  2  and  5  move  together,  as  is  also  true  of  the  pi 
of  cyUnders  3  and  4. 


Fig.  54. — Outlining    Construction    and    Arrangement    of    Throws   of 
Crankshaft  for  Three,  Four  and  Six-Cylinder  Motors. 

Q.     How  many  main  bearings  on  crankshaft? 

A.  The  crankshafts  of  one,  two,  and  some  four  cylinder  motors 
have  but  two  main  bearings,  one  at  each  end.  A  three  cylindtf 
crankshaft  usually  has  four  main  bearings.  Four  cylinder  crank- 
shafts used  when  motor  cylinders  are  cast  in  pairs  usually  have 
three  bearings,  and  when  individual  cylinder  castings  are  used  A 
four  cylinder  crankshaft  will  have  five  main  bearings.  Six  cylincbr 
crankshafts  have  either  five  or  seven  mam  beacm^  %a  a  rule^  thouf^ 
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on  some  very  compact  six  cylinder  engines  a  three  main  bearing 
crankshaft  may  be  used. 

Q.  What  is  the  influence  of  cylinder  design  on  crankshaft 
length? 

A.  Motors  employing  block  casings  can  have  shorter  crank- 
shafts than  those  in  which  cylinders  are  cast  in  pairs  or  individually. 

Q.     What  are  crankshaft  main  bearings  made  of? 

A.  The  crankshaft  main  bearings  are  generally  made  of  the  same 
material  as  employed  for  the  bushings  for  the  connecting  rod  big 
ends.  Ball  bearings  have  been  used  as  main  bearings  and  their  use 
is  more  general  in  this  application  than  it  is  in  connecting  rods. 
(Fig.  50.) 

Q.     What  is  the  function  of  the  crankcase? 

A.  The  crank  case  is  utilized  to  support  the  crankshaft  and  to 
act  as  a  bed  for  the  engine  cylinders.  It  keeps  the  working  part  of 
the  cylinder  in  perfect  alinement  with  the  crankshaft  and  camshaft 
carried  and  protected  by  the  crank  case  and  at  the  same  time  it 
serves  as  a  carrying  or  supporting  member  by  which  the  power  plant 
is  attached  to  the  chassis. 

Q.     What  are  crankcases  made  of? 

A.  Automobile  engine  crankcases  may  be  made  of  cast  alumi- 
num, cast  iron,  or  bronze  castings.  The  first  named  material  is 
most  generally  used  on  account  of  its  lightness.  It  has  about  the 
same  strength  as  cast  iron  and  weighs  but  one-third  as  much.  On 
engines  that  are  manufactured  in  large  quantities,  stamped  sheet 
metal,  such  as  steel  and  aluminum,  have  been  utilized  as  the  lower 
portion  of  the  crank  case. 

Q.     Name  three  common  types  of  crankcase. 

A.  Crank  cases  may  be  divided  into  three  types,  the  barrel  form, 
the  horizontally  divided,  and  the  vertically  divided. 

Q.    What  is  the  barrel  type  crankcase? 

A.     The  barrel  type  is  a  form  in  which  practically  the  entire  crank- 
case is  cast  in  one  piece,  end  plates  being  provided  for  holding  the 
main  journals  and  also  to  cover  the  large  opening  ixitVife  ^Tida  ^i\X^^ 
crank  case  through  which  the  crank  shaft  asseinVAy  \^  Vs^xck^^^^* 
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Q.     Wha*  are  the  advantages  of  the  two  piece  crankcases  ? 

A.     When  a  two  piece  crank  case  is  employed  the  lower  pi 
eerves  merely  aa  an  oil  container  or  cover  and  the  crankshaft 
ported  by  the  upper  half.     When  it  is  desired  to  adjust  the 
bearings  or  the  connecting  rod  big  ends  the  lower  portion  or 
of  the  crank  case  may  be  removed  and  the  entire  interior 
crank  case  is  readily  accessible.    (Fig.  55.) 

Q,     How   can  interior  parts  of  barrel    type    crankcases^ 
reached? 

A.     Most  forms  of  barrel  type  crankcases  are  provided  with 
openings  or  hand  holes  at  the  side  which  are  closed  by  easily 
able  plates  to  permit  of  ready  access  to  the  crankcase  interior. 

Q.     What  is  the  function  of  the  flywheel? 

A.     The  flywheel  is  a  heavy  cast  iron  member  attached  to^ 
crank  shaft  and  is  utilized  to  keep  the  crank  shaft  turning  di 
the  idle  strokes  by  virtue  of  power  stored  in  its  rim  during  the 
ing  strokes  of  the  motor.    The  one  and  two  cylinder  forms  of 
require  much  heavier  flywheels  than  four  and  six  cylinder  fi 
need.    (Fig.  57.) 

Q.     What  determines  flywheel  diameter? 

The  flywheel  diameter  is  determined  by  the  material  d 
which  it  is  composed  and  by  the  speed  of  the  crankshaft.  A  certlW 
peripheral  speed  limit  has  been  established  for  cast  iron,  which  K^ 
not  desirable  to  exceed, 

Q.     Define  peripheral  speed.  j 

A.  The  peripheral  speed  of  the  flywheel  is  the  distance  th&tdH 
one  point  on  its  circumference  covers  in  a  given  unit  of  tioie.  SS^ 
ipheral  speed  depends  directly  on  the  size  of  the  flywheel  andiv 
number  of  revolutions  at  which  it  turns.  For  a  given  diaioeA 
the  flywheel  that  turns  the  fastest  has  the  greatest  peripheral  sp^ 

Q.    What  is  safe  peripheral  speed  for  cast  iron  flywheels? 

A.  The  safe  peripheral  speed  for  cast  iron  flywheels  ui  ordinttff 
construction  is  approximately  5000  feet  per  minute.  A  flywheel  5 
feet  in  circumference  could  not  turn  mwe  than  1000  R.  P.  M.  with- 
tnjt  exceeding  this  limit. 
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Q.  What  can  be  done  .to  increase  flywheel  speed  without 
danger? 

A.  The  flywheel  may  be  made  of  a  stronger  material,  such  as 
steel,  if  it  is  desirable  to  retain  the  same  diameter,  or  it  may  be 
made  smaller  in  diameter  if  made  of  east  iron. 

Q.    Describe  simplest  type  of  flywheel. 

A.  The  simplest  form  of  flywheel  consists  of  a  web  having  a 
hieavy  rim  or  a  simple  cast  hub  joined  to  a  heavy  rim  member  by  a 
series  of  radiating  arms  or  spokes  which  are  cast  integral  with  the 
hub  and  the  rim. 

Q.    What  is  the  advantage  of  web  wheels? 

A.  The  web  wheel  is  a  safer  method  of  construction  and  is  also 
stronger  than  the  spoke  type.  "When  a  flywheel  of  the  spoke  type 
is  turning  at  a  high  rate  of  speed  it  will  do  considerable  injury  to 
any  object  inadvertently  thrust  between  the  spokes.  As  the  web 
construction  makes  practically  a  solid  flywheel  it  is  not  possible  to 
catch  anything  in  the  wheel. 

Q.  Why  are  flywheel  spokes  sometimes  shaped  like  fan 
blades? 

A.  Fan  blades  are  often  incorporated  in  flywheels  so  that  mem- 
ber acts  as  a  fan  or  blower  to  induce  a  draft  of  air  through  the 
radiator  of  a  water  cooled  engine  or  around  the  cylinders  of  an  air 
cooled  type. 

Q.    How  are  clutches  attached  to  flywheels? 

A.  Cone  clutches  have  the  female  members  recessed  in  the  fly- 
wheel interior,  while  multiple  disc  clutches  or  those  of  the  expand- 
ing band  type  are  housed  in  a  drum  or  casing  either  machined  with 
the  flywheel  casting  or  attached  thereto  by  some  method  of  mechani- 
cal fastening.  Three  and  five  plate  clutches  are  carried  on  simple 
stud  members  screwed  into  the  flywheel. 

Q.    How  are  flywheels  attached  to  crankshafts? 
A.     Flywheels  are  attached  to  crankshafts  either  by  means  of 
a  taper  e^aft  and  key  retfention  or  by  means  of  bolting  it  when  of 
tAe  web  type  to  a  Sange  formed  integral  with  the  crankshaft.    The 
Jitter  28  the  preferred  construction. 
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Q.     Why  must  flywheels  be  securely  fastened? 

A.  It  is  imperative  that  flywheels  be  attached  firmly  to  the 
crankshaft,  because  any  looseness  between  the  flywheel  and  the 
shaft  will  produce  a  pronounced  knocking  sound,  and  the  methods 
of  fastening,  such  as  keys  or  bolts,  may  be  entirely  sheared  off. 

Q.     What  is  the  meaning  of  marks  on  flywheel  rims? 

A.  The  marks  placed  on  fl3rwheel  rims,  as  indicated  at  Fig.  39, 
are  placed  thereon  to  assist  in  timing  the  valves  and  ignition  spark. 
The  abbreviation  E.  0.  means  ** Exhaust  Opens,"  while  E.  C. 
means  ** Exhaust  Closes.'*  The  letters  I.  0.  mean  ** Inlet  Opens,'* 
while  I.  C.  means  *' Inlet  Closed."  The  letter  S.  indicates  the 
sparking  point,  while  U.  C.  means  ''Upper  Center,"  which  means 
that  the  piston  is  at  the  top  of  its  stroke,  and  L.  C.  means  ''Lower 
Center,"  which  corresponds  to  the  crank  shaft  position  when  the 
piston  in  the  cylinder  being  timed  is  at  the  bottom  of  its  stroke. 

Q.  What  influence  does  flywheel  diameter  have  on  spacing 
of  timing  marks? 

A.  For  a  given  number  of  degrees  crank  travel  the  marks  are 
farther  apart  on  large  diameter  flywheels  than  they  are  on  those  of 
lesser  radius. 

Q.     What  are  the  manifolds? 

A.  The  manifolds  are  the  built-up  members  or  pipes  that  con- 
vey the  fresh  gas  from  the  carbureting  device  to  the  valve  cham- 
bers or  which  convey  the  inert  products  of  combustion  from  the 
exhaust  valve  chambers  to  the  mufifling  device. 

Q.     How  are  they  secured  to  cylinders? 

A.  Manifolds  are  usually  attached  to  cylinders  by  means  of 
flange  couplings  bolted  to  the  cylinders  or  by  stirrups  or  retention 
bars  which  hold  them  secur'ely  in  place. 

Q.  What  precautions  must  be  observed  when  designing  man- 
ifolds? 

A.     Inlet  or  fresh  gas  manifolds  should  always  be  proportioned 
so  that  the  gas  from  the  carburetor  does  not  have  to  turn  any  sharp 
eomers  and  so  the  distance  between  each  valve  chamber  of  a  mul- 
tzpJe  cylinder  engine  and  the  carburetor  m\\  \i^  aT^^wsdaaaXi^l  \Xsa 
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same.  Exhaust  manifolds  should  offer  a  free  passage  to  the  esci 
ing  gas  and  should  be  large  enough  in  bore  bo  that  there  will  be 
friction  between  the  gas  stream  and  the  manifold  wall. 

Q.     How  is  the  engine  base  attached  to  vehicle  frame? 

A.  The  common  method  of  construction  is  to  cast  arms  integr 
\y  with  the  engine  hed  which  extend  to  the  main  frame  sides  or 
on  an  inner  frame  or  sub-frame  member  that  is  in  turn  supports 
by  the  main  frame. 

Q.     What  is  the  three  point  support"? 

A.  If  the  power  plant  is  supported  by  three  points  placed  in  » 
lation  to  each  other  so  that  the  two  on  the  same  line  form  the 
of  a  triangle  while  the  third  forms  the  apex,  the  engine  is  said  V 
have  a  three  point  support.  "  The  advantages  of  this  constmeflm 
may  be  readily  understood  if  one  compares  the  action  of  a  tlirM 
legged  stool  and  one  having  four  legs  on  uneven  ground.  The  stocl 
with  the  three  point  support  is  not  so  much  affected  by  irregidar 
ities  in  the  surface  on  which  it  rests  as  is  the  four  legged  member. 
A  power  plant  supported  on  three  points  is  not  affected  by  franif 
distortion  or  springing  out  of  alinement  as  much  as  a  four  point 
support  power  plant. 

Q.     What  is  "four  point  support"? 

A.  When  a  power  plant  is  held  in  place  in  the  frame  by  mean* 
of  four  amis  so  that  the  point  of  support  forms  a  rectangular  fig- 
ore,  the  engine  is  said  to  have  four  point  support.  The  four  point 
system  necessitates  the  use  of  a  more  rigid  frame  than  does  the 
three  point  method  of  suspension. 

Q.     What  is  a  unit  power  plant? 

A,  The  unit  power  plant  construction  is  that  whene  the  engine, 
clutch  and  gearset  are  attached  together  so  these  three  mcmbera 
may  be  said  to  be  supported  by  the  same  common  carrier  or  case, 
A  unit  power  plant  with  the  three  point  support  is  commonly  used 
in  motor  car  construction. 

Q.     What  are  the  advantages  of  the  unit  power  plant? 

A.     One  of  the  methods  of  installing  the  motor  and  gearset  of  an 
automobile  is  to  attach  these  to  a  irame  as  se^MaXft  Taftm\iftt%  <aA 
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K  some  form  of  flexible  coupling  between  the  clutch  shaft 
!  gear  bos  to  compensate  for  any  disalinement  of  the  two 
"s  due  to  frame  distortion  on  rough  roads.  With  a  unit  power 
>rankshaft,  clutch  and  transmission  shafts  are  held  in  the 
e  alinement  present  when  first  assembled,  and  no  amount  of 
Jeflection  can  throw  the  three  members  out  of  the  correctly 
position  that  insures  maximum  efBciency  and  minimum  de- 
ion.     (See  Frontispiece.) 


.^-Top  View  of  Unit  Power  Plant  Used  on  Ford  Automobiles 
(ring  Two  Supporting  Points  on  Transmission  Case  and  One 
"root  of  Engine. 
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LESSON  FOUR 

FUEL  FOR  AUTOMOBILE  MOTORS 

Q.     What  fuels  can  be  used  with  the  automobile  power  plant? 

A.  Internal  combustion  engines  will  operate  satisfactorily  on 
any  form  of  hydrocarbon  gas.  This  means  that  natural  or  artificial 
illuminating  gas,  alcohol  vapor,  acetylene,  kerosene,  benzol  and  gas- 
oline vapors  may  be  utilized. 

Q.  What  are  the  disadvantages  to  the  use  of  illuminating  or 
natural  gas  as  automobile  fuel? 

A.  In  order  to  carry  enough  gas  for  a  tour  or  run  of  any  conse- 
quence with  an  automobile  it  would  be  necessary  to  use  very  large 
storage  tanks  that  would  occupy  considerable  space  that  can  be  used 
to  better  advantages  for  other  purposes.  The  same  disadvantages 
tliat  apply  to  the  electric  automobile  regarding  its  operation  at 
points  remote  from  charging  station  would  apply  just  as  well  to  the 
gasoline  vehicle  if  compressed  gas  was  employed  as  fuel. 

Q.     What  are  the  advantages  of  liquid  fuel? 

A.  Liquid  fuels  have  the  important  advantage  that  a  relatively 
small  supply  can  be  carried  in  a  container  of  small  size  compared  to 
the  total  carrying  capacity  of  the  vehicle  and  that  they  may  be 
readily  handled  and  stored  and  easily  secured  at  the  present  day  at 
even  the  smallest  village  or  hamlet. 

Q.     How  are  liquid  fuels  changed  to  gas? 

A.  A  small  amount  of  the  liquid  is  sprayed  into  a  charge  of  air 
and  the  mixture  of  air  and  liquid  becomes  a  gas  by  the  time  the 
stream  of  vapor  charged  air  reaches  the  cylinder  interior.  The  gas- 
ifying process  is  accelerated  by  the  heat  of  the  motor. 

Q.     What  is  the  general  term  applied  to  all  lic\u\di  Ixx^^^ 

A.     The  liquid  fuels  commonly  used  are  genexaWy  3L^^\^'a»X.^^  ^% 

105 


106  Questions  arid  Answers 

hydrocarbons  because  the  elements  hydrogen  and  carbon  are 
chemical  constituents  of  most  liquids  suitable  for  burning. 
Q.     Name  the  principal  liquid  fuels. 

A.     The  principal  liquid  fuels  mentioned  in  order  of  their  imj 
ance  are  gasoline,  naphtha,  benzol,  kerosene,  and  alcohol. 

Q.     Which  is  the  best  suited  to  modern  engines? 

A.  The  internal  combustion  engines  used  for  vehicle  propi 
have  been  designed  with  a  view  of  using  hem  with  readily  evi 
ated  liquids,  such  as  gasoline. 

Q.     What  is  gasoline? 

A.     Gasoline  is  a  highly  volatile  liquid  that  not  many  years 
was  a  by-product  of  but  little  value.    It  was  used  to  a  limited 
tent  for  removing  oil  stains  from  cloth  or  for  cleansing  deli( 
fabrics.    It  could  be  bought  for  four  or  five  cents  a  gallon,  and  tl 
was  little  market  for  it  at  that  price  until  the  gasoline  stove  was  h 
troduced.    Engineers  soon  discovered  that  this  substance  evapor-j 
ated  very  easily  and  mixed  with  air  at  ordinary  temperatures  to 
form  a  highly  inflammable  explosive  gas. 

Q.    From  what  is  gasoline  derived? 

A.     Gasoline  is  one  of  the  first  products  obtained  by  the  distOf] 
lation  of  crude    petroleum.      Petroleum  is  a  dark,  evil  smdling 
liquid  that  comes  from  subterranean  deposits  and  is  obtained  in  j 
large  quantit  es  in  several  states,  notably,  Pennsylvania,  Texas, 
Indiana,  and  Ohio.    Crude  petroleum  is  usually  in  association  with 
natural  gas.    It  is  found  in  almost  all  parts  of  the  world,  but  the 
largest  proportion  of  that  produced  commercially  is  obtained  from 
American  wells.  The  petroleum  found  in  this  country  3delds  more  of 
the  volatile  products  than  those  of  foreign  production.    Many  prod-  i 
ucts  and  compounds  are  derived  from  crude  oil,  but  before  the  crude  i 
product  can  be  used  it  must  be  freed  of  the  impurities  such  as  free  i 
carbon,  sulphur  and  various  earthy  elements  which  are  in  suspen- 
sion in  the  hquid. 

Q.    What  is  the  process  of  obtaining  gasoline? 

A.     The  process  of  purifying  crude  oil  is  one  of  destructive  d»- 
tillation  and  during  this  refining  the  various  liquids  of  which  the  ^ 
crude  oil  is  composed  are  separated  iroin  eae\i  o\JafcT  «xA  tbs^it  com-  \ 
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mon  base.  The  oil  is  heated  in  large  stills  and  the  gases  given  off 
are  condensed  in  a  cooling  coil  and  again  turned  to  liquid.  The  oil 
is  broken  up  into  three  main  groups  of  products  as  follows:  Highly 
volatile,  which  include  naphtha,  benzine,  and  gasoline;  light  oils, 
such  as  kerosene  and  light  lubricating  oils,  and  heavy  oils  or  residuum. 

Q.     What  proportion  of  the  crude  oil  is  gasoline? 

A.  The  proportion  of  volatile  products,  such  as  gasoline,  obtained 
from  a  given  amount  of  crude  oil  varies  from  6  to  10  %  of  the  total. 
About  60%  of  the  refined  products  is  kerosene,  20%  is  light  lubri- 
cating oil,  while  the  remainder  are  various  heavy  oils  and  greases, 
such  as  vaseline,  petroleum  jelly  and  compounds  of  that  nature. 

Q.  What  are  the  properties  of  gasoline  making  it  suitable  as 
a  fuel? 

A.  Gasoline  evaporates  readily  at  ordinary  temperatures  and 
can  be  mixed  with  air  to  form  a  satisfactory  fuel  gas  by  simple 
methods. 

Q.     Is  gasoline  dangerous? 

A.  Gasoline  in  itself  is  not  dangerous  unless  enough  of  the  vapor 
becomes  mixed  with  air  to  form  an  inflammable  gas.  Owing  to  the 
volatile  nature  of  this  fluid,  vapors  are  constantly  given  off  whenever 
it  is  exposed  to  the  action  of  the  air,  and  because  of  this,  the  use  of  a 
naked  flame  or  spark  should  always  be  avoided  where  gasoline  is 
present  in  any  quantity. 

Q.     What  is  kerosene? 

A.  Kerosene  forms  one  of  the  most  important  of  the  distillates 
of  crude  petroleum  and  is  the  substance  that  is  given  off  during  the 
refining  process  following  the  evapora-tion  of  the  more  volatile  gases 
that  are  condensed  into  the  various  grades  of  gasoline. 

Q.     Can  it  be  used  in  engines  of  present  design? 

A.  The  chief  difficulty  which  prevents  the  use  of  kerosene  is  that 
it  will  not  vaporize  readily  at  ordinary  temperatures,  and  before  it 
will  evaporate  sufficiently  to  form  a  gas,  it  must  be  heated.  This 
calls  for  specially  constructed  vaporizing  devices  and  water  jacketed 
manifolds.  Owing  to  the  low  rate  of  evaporation,  keto^eti*^  ^^Tix\ft\»\^^ 
used  successfully  on  high  speed  motors  where  is  Vt  Aft^a^^  \.o  V^^^ 
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flexible  control  and  where  the  engine  must  be  accelerated  froi 
minimum  to  the  highest  speed  in  a  short  time. 

Q.    What  are  the  advantages  of  kerosene? 

A.  At  the  present  time  kerosene  is  much  more  plentiful  ti 
gasoline,  and  when  vaporized  properly,  it  actually  has  more  \ 
units  and  is  capable  of  giving  more  power  than  does  gasoline  in  ec 
quantities. 

Q.     Is  kerosene  dangerous? 

A.  Kerosene  is  not  considered  dangerous  by  the  insiu*ance  o 
panics,  and  large  quantities  of  it  can  be  stored  without  introdui 
the  same  element  of  fire  risk  that  is  present  with  gasoline.  It  ifl 
constantly  giving  off  vapors  at  ordinary  temperatures,  and  will 
burn  unless  it  is  spread  in  a  thin  film  over  some  object  where  ati 
quantity  will  be  exposed  to  the  air.  A  burning  match  can  be  th 
into  kerosene  and  the  flame  will  be  put  out.  The  very  condi 
that  makes  kerosene  safer  than  gasohne,  makes  it  less  suitable . 
fuel  for  present  day  orms  of  engines. 

Q.  Why  is  kerosene  better  for  stationary  power  plants  1 
for  automobile  engines? 

A.  Owing  to  the  slow  rate  of  vaporization,  kerosene  is  more  i 
able  for  slow  and  moderate  speed  motors  such  as  used  for  statioi 
and  marine  service  than  it  is  on  high  speed  power  plants. 

Q.  What  is  the  relative  value  of  kerosene  and  gasolini 
fuels? 

A.  Kerosene  actually  contains  more  heat  units  per  pound  < 
gasoline  does. 

Q.     What  precautions  are  necessary  to  use  kerosene? 

A.  When  kerosene  is  to  be  used,  it  is  necessary  to  provide  b 
form  of  preheating  coil  through  which  the  fuel  is  passed  befoi 
reaches  the  carburetor,  to  thoroughly  heat  the  vaporizing  chan 
and  induction  manifold,  and  to  proportion  the  mixtiu'e  passage 
the  velocity  of  the  entering  gas  will  be  high.  It  is  necessary  to ; 
vide  an  auxiliary  device  so  the  engine  may  be  run  on  gasoline  i 
it  becomes  warm  enough  to  use  the  kerosene  vapor.  As  kera 
contains  more  chThon  in  its  composition  t\i»si  %ia£^^^^  end  as 


Fuel  for  Aviomohile  Motors 


109 


Ocmbustion  of  kerosene  f  apor  b  not  apt  to  be  as  complete  bs  gaeoline 
gas,  with  some  forms  of  carburetor,  a  minute  stream  of  water  is 
sprayed  into  the  mixture  before  it  reaches  the  combustion  chamber. 
The  water  is  decomposed  by  the  heat  and  liberates  oxygen  which 
facilitates  combustion  and  which  tends  to  minimize  c^bon  deposit. 


*'^^"W^^^" 


Q.    What  is  benzol? 

A,  Benzol  is  a  by-product  incidental  to  the  manufacture  of  illu- 
minating gas  and  coke.  The  crude  product  is  a  foul  smelling  liquid 
which  has  aiwut  the  same  color  as  ale,  but  when  subjected  to  a  re- 
fining process,  the  liquid  is  changed  to  one  of  about  the  same  color 
cf  gasoline.  Coke  was  formerly  produced  by  a  process  of  destructive 
dlBtillation  and  the  gases  evolved  were  permitted  to  escape.  At  the 
pieseDt  time  these  gases  are  retained  and  passed  through  a  condens- 
ing C(ul  to  form  benzol.  About  three  gallons  of  benzol  are  obtained 
for  each  ton  of  coal  converted  into  coke  or  gas. 

Q.    How  is  it  used? 

A.  Bensol  is  not  as  voJatiJe  as  gasoline  but  mucU  Tuot^  ao  '0&«a 
A  motor  supplied  with  a  carburetor  oi  oidmarj  ■wa.XftX  <; 
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Fig.  59. — Showing    Construction    of    Bowser    Underground    Gasoli 
Storage  Tank  With  Attached  Measuring  Pump, 

exhaust  gas  jacketed  construction  may  be  started  without  diffici 
with  this  fuel.  It  has  received  considerable  application  in  En^ 
Q.    What  is  alcohol? 

A.  Alcohol  is  a  product  obtained  from  vegetable  sourceB  1 
offers  Bome  advantages  as  a  fuel.  Itdiffers  materiallyfromgasol 
as  it  has  from  seven  to  ten  per  cent  of  water  in  its  compositioil 
Ay  I'i  is  much  less  volatile  it  reqmres  mote  \ie.aV  \Xi  ~SKgontft  it. 
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Q.    From  what  is  it  obtained? 

A.  Alcohol  may  be  derived  from  any  substance  that  contains 
ftther  starch  or  sugar,  and  it  can  be  produced  from  various  fruits, 
(rains  and  vegetables.  Such  materials  as  beets,  potatoes,  wheat,  rye, 
K)m,  sugar-cane,  barley,  rice,  and  even  decaying  fruit  or  other  ref- 
Eftae  which  could  not  be  utilized  otherwise  may  be  distilled  and  alco- 
bol  derived  therefrom. 

Q.    Can  it  be  used  as  fuel? 

A.  While  alcohol  has  been  used  for  ten  years  or  more  abroad  in 
Bugines  designed  especially  for  its  use,  it  cannot  be  utilized  econom- 
ically in  motors  intended  for  gasoline.  Alcohol  vapor  can  be  com- 
t>ressed  much  more  than  gasoline  gas,  and  as  the  heat  units  liberated 
from  a  burning  fuel  vary  with  the  amount  of  compression  prior  to 
ignition,  even  though  alcohol  gives  out  less  heat  when  burned  under 
"the  same  conditions  as  gasoline,  equal  or  higher  engine  efficiency  may 
1)6  obtained  by  compressing  the  alcohol  vapor  more.  Alcohol  is 
Tised  in  some  form  of  carburetor  adapted  to  heat  the  mixture  be- 
fore it  is  supplied  to  the  cylinders.  An  engine  designed  for  gasoline 
irill  use  nearly  twice  as  much  alcohol  as  it  does  the  other  liquid  to 
develop  the  same  amount  of  energy.  One  of  the  disadvantages  of 
alcohol  that  is  shared  in  common  with  kerosene  is  that  it  is  difficult 
to  start  a  cold  engine,  and  the  motor  must  be  heated  up  before  alco- 
hol can  be  used.  Owing  to  the  presence  of  oxygen  in  the  alcohol, 
which  is  not  a  part  of  gasoline,  only  about  one  third  as  much  air  is 
needed  with  alcohol  vapor  and  twice  the  amount  of  compression  be- 
fore ignition  can  be  used  with  alcohol  gas.  It  is  claimed  that  the 
range  of  explosive  mixture  proportions  of  air  and  alcohol  is  much 
greater  than  that  possible  with  gasoline  and  air. 

Q.     Describe  the  alcohol-acetylene  process. 

A.  This  is  a  recently  devised  process  developed  with  the  object 
of  enabling  one  to  use  alcohol  with  engines  of  present  design  with  no 
change  except  a  special  form  of  vaporizer.  The  alcohol  vapor  is 
jMBBed  through  calcium  carbide  before  it  enters  the  cylinder  and  the 
water  present  in  commercial  alcohol,  which  normally  lowers  its 
effideney  as  a  inel,  is  absorbed  by  the  carbide  and  a;a  a  e\i<&XDL\e.^  ^k.** 
tkm  iBBults,  acetylene  gas  is  liberated  and  this  very  \iA«mmsiJc^fe  ^g^a 
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increases  the  thermal  value  of  the  alcohol  vapor.  When  this  cci 
binatioB  gas  i*  employed,  it  is  necessary  to  add  water  to  the  alcol 
to  obtain  the  same  thermal  efficiency  as  procured  with  gasoline^ 
The  solution  used  as  fuel  contains  17  per  cent  water  and  83  pern 
alcohol;  as  water  costs  nothing  to  speak  of,  the  increase  in  t 
bulk  of  fuel  nearly  pays  for  the  carbide.  It  is  estimated  that  a 
pound  of  carbide  is  used  per  gallon  of  liquid.  This  combinatim 
alcohol  and  acetylene  has  proved  efficient  on  motors  employing  ca 
pression  as  low  as  60  pounds  to  the  square  inch  and  running  as  hi 
as  2,000  revolutions  per  minute.      If  used  alone,  alcohol  vapor  bin 


slowly  and  it  is  more  efficient  on  slow  speed,  high  compresE 
motors  than  on  engines  of  the  present  form. 

Q.     What  are  the  advantages  of  alcohol? 

A.     Alcohol  has  the  great  advantage  that  the  fire  risk  is  less  t 

with  gasoline.    A  gasoline  fire  or  any  burning  petroleum  produt 

on/x  spread  by  water,  but  burning  alcohol  is  extinguished  by  it. 

"  claimed  that  the  exhaust  gases  Irom  a\co\io\  aie  tQ*A«t  mA  lis 
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those  from  gasoline  vapor  and  they  will  deposit  less  carbon  in 
combustion  chamber.  As  alcohol  is  obtained  from  vegetable 
ibstances  there  is  no  likelihood  of  fuel  famine  because  the  raw  ma- 
are  not  only  found  in  all  parts  of  the  earth,  but  are  reproduced 
ih  cycle  of  seasons  and  in  fact,  in  tropical  countries,  there  is  no 
JMsation  to  the  growth  of  the  vegetation.  There  has  been  no  serious 
jjMtempt  to  date  to  produce  alcohol  in  large  quantities  and  even  the 
removal  of  the  government  tax  on  the  denatured  product  has  not 
stimulated  the  production  of  the  liquid. 

Q.    Is  alcohol  dangerous? 

A.  Alcohol  is  much  less  dangerous  than  either  kerosene,  benzol 
«r  gasoline  under  ordinary  conditions.  Alcohol  used  for  fuel  pur- 
poses must  be  rendered  imfit  for  drinking  by  substances  such  as 
benzine  or  other  distillates  of  crude  petroleum  in  order  to  make  it 
unpalatable.  As  denatured  alcohol  is  poisonous  to  a  degree,  it  is 
very  dangerous  if  the  chauffeur  takes  it  internally. 

Q.    How  are  fuels  carried  in  automobiles? 

A.  Liquid  fuels  are  carried  in  tanks  conveniently  disposed  at 
various  parts  of  the  automobile,  depending  upon  the  type  of  fuel 
supply  system  used.  In  many  cars  it  is  carried  in  a  tank  under  the 
front  seat  when  a  chassis  is  fitted  with  a  touring  body  or  in  a  large 
container  back  of  the  seat  (Fig.  58)  and  at  the  rear  end  if  the  car  is 
a  roadster  or  two  passenger  type.  On  some  very  powerful  machines 
where  it  would  be  difficult  to  store  enough  gasoline  in  a  tank  under 
the  seat,  a  large  container  is  carried  at  the  rear  end  of  frame  back  of 
the  rear  axle. 

Q.    What  is  the  best  system  of  fuel  storage? 

A.  The  safest  method  of  handling  gasoline  and  other  liquids  of 
like  nature  when  stored  in  large  quantities  is  to  use  underground 
tank  outfits  as  outlined  at  Figs.  59  and  60.  This  is  a  very  economical 
method,  because  the  danger  from  fire  is  reduced  to  a  minimum  and 
there  is  no  loss  of  fuel  by  evaporation.  The  liquid  may  be  pumped 
vp  from  the  tank  by  any  simple  form  of  hand  pump,  some  of  which 
ire  so  desigiied  that  they  will  pump  only  measured  quantities  of 
Vbfbl'qmd. 
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THEORY  OF  CARBURETION  AND  ITS  APPLICATION 

Q.    What  is  combustion  a  manifestation  of? 

A.     Combustion  always  indicates  a  chemical  combination 
tween  certain  elements  which  have  a  great  attraction  or  aflSnity] 
for  each  other. 

Q.     Is  combustion  always  rapid? 

A.     Combustion  may  be  very  slow  as  well  as  extremely  fast. 

Q.     Give  an  example  of  slow  combustion. 

A.  The  rusting  of  metals  or  the  rotting  of  wood,  cloth  and 
similar  materials  are  examples  of  slow  combustion. 

Q.     Give  an  example  of  rapid  combustion. 

A.  Burning  gas,  wood,  coal  or  oil  are  examples  of  rapid  com- 
bustion. 

Q.     Give  an  example  of  instantaneous  combustion. 

A.  The  explosion  of  gunpowder  or  of  the  compressed  gas  in  the 
automobile  engine  cylinder  may  be  considered  as  practically 
instantaneous  combustion. 

Q.    What  i&  a  vacuum  and  could  anything  bum  in  vacuo? 

A.  A  vacuum  is  a  space  in  which  there  is  no  air  or  other  gas 
present.  A  vacuum  may  be  nearly  complete,  but  it  is  almost 
impossible  to  obtain  a  perfect  vacuum.  If  a  burning  candle  is 
placed  under  the  receiver  of  an  air  pump  and  the  air  exhausted 
from  the  chamber  in  which  the  candle  burns,  it  will  be  noticed 
that  as  the  degree  of  exhaustion  becomes  greater,  the  flame  buroa 
dimmer  until  it  finally  goes  out. 

Q.     What  is  necessary  to  support  combustion? 

A.  Combustion  cannot  take  place  unless  air  or  the  elemaiit 
oxygen  oi  which  it  is  partly  composed  is  present. 
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Q.    What  is  gasoline  composed  of? 

A.  Gasoline  is  composed  of  carbon  and  hydrogen.  The  former 
is  a  solid  material  while  the  latter  is  the  lightest  known  gas.  When 
combined  chemically,  owing  to  the  great  aflSnity  that  exists  between 
theni,  they  will  form  a  liquid  if  mixed  in  the  correct  proportions. 

Q.     How  much  of  each  element  is  there  in  gasoline? 

A.  The  ordinary  gasoline  used  for  fuel  is  said  to  contain  84% 
carbon  and  16%  hydrogen. 

Q.    What  is  air  composed  of? 

A.     Air  is  composed  of  oxygen  and  nitrogen. 

Q.     Which  element  supports  combustion? 

A.  The  oxygen  has  a  great  affinity  or  combining  power  with  the 
two  constituents  of  the  hydrocarbon  liquids,  and  it  is  the  oxygen 
which  supports  combustion.  Nitrogen  is  an  inert  gas  that  is  mixed 
with  the  air  in  order  to  act  as  a  deterrent  and  prevent  too  rapid 
combustion. 

Q.     How  much  oxygen  is  needed  to  burn  carbon? 

A.  One  pound  of  carbon  requires  two  and  one  third  pounds  of 
oxygen  to  insure  its  combustion. 

Q.  How  much  air  is  needed  to  burn  a  given  weight  of  car- 
bon? 

A.  As  air  is  composed  of  one  part  of  oxygen  to  three  and  one 
half  portions  of  nitrogen  by  weight,  for  each  pound  of  oxygen  one 
needs  four  and  one  half  pounds  of  air.  It  requires  about  ten  pounds 
of  air  to  bum  one  pound  of  carbon. 

Q.     Has  air  any  weight? 

A.  While  one  does  not  consider  air  as  having  much  weight,  four- 
teen cubic  feet  of  air  at  a  temperature  of  62  degrees  F.  will  weigh 
about  a  poimd. 

Q.  How  much  oxygen  is  needed  to  burn  a  given  weight  of 
hydrogen? 

A.     One  pound  of  hydrogen  requires  8  pounds  of  oxygen  to  bum 
it.    This  means  that  6  pounds  of  air  will  be  needed  \.ci  m^jva^  ^ws^- 
hustion  of  the  hydrogen  component  of  gasolme. 


116  Questions  and  Answers 

Q.  How  much  air  is  needed  theoretically  to  insure  th< 
bustion  of  a  pound  of  gasoline? 

A.  In  order  to  secure  combustion  of  one  pound  of  gasoli 
should  provide  about  16  pounds  of  air;  10  pounds  of  air  is  ne( 
bum  the  carbon  contents  and  about  6  pounds  to  insure  coml 
of  the  hydrogen. 

Q.  How  much  air  is  actually  supplied  to  burn  a  po 
gasoline? 

A.  Owmg  to  the  presence  of  the  inert  element  nitrogen  \ 
the  main  constituent  of  air  and  which  acts  as  a  deterrent  of  b 
it  is  necessary  to  provide  more  than  the  200  cubic  feet  of  i 
theoretical  combustion  calls  for  and  to  allow  about  twice  this  a 
This  means  that  about  32  pounds  of  air  are  supplied  to  bi 
pound  of  gasoline. 

Q.  What  is  the  liquid  measure  equivalent  of  a  pound  c 
line? 

A.  Approximately  1.25  pints  of  63  degree  Baum^  test  j 
will  weigh  a  pound. 

Q.     What  is  carburetion? 

A.  In  order  to  be  explosive,  gasoline  vapor  must  be  co 
with  definite  quantities  of  air.  Carburetion  is  the  process  of 
the  gasoline  vapor  and  air  in  proper  proportions  to  seem* 
combustion.  Mixtures  that  are  rich  in  gasoline  ignite  quick 
those  which  have  more  air,  but  these  are  only  suitable  when  i 
or  when  running  the  engine  slowly,  as  they  are  very  wasteful 
Mixtures  varying  from  1  part  of  gasoline  vapor  to  4  of  air,  U 
having  but  1  part  of  gasoline  vapor  to  13  of  air  can  be 
but  the  best  results  are  obtained  when  the  proportions  are  1 
1  to  7,  as  these  mixtures  will  produce  the  highest  temperatu 
most  eflFective  pressure  in  pounds  per  square  inch  of  piston  t 
and  the  quickest  explosion.  What  we  commonly  call  an  en 
is  merely  an  indication  that  the  oxygen  of  the  air  has  combin 
the  carbon  and  hydrogen  of  the  gasoline  rapidly  enough  so  tl 
chemical  union  is  attended  by  heat.  The  power  produced 
Butomohile  engine  cylinder  is  really  due  to  a  rapid  chemic 
binatlon. 
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Q.     Describe  a  number  of  ways  in  which  liquid  fuel  may  be 
mixed  with  air  to  form  an  inflammable  vapor. 

A.  Almost  any  device  which  permits  a  current  of  air  to  pass  ovei 
or  through  a  volatile  liquid  will  produce  a  gas  that  will  explode 
when  compressed  and  ignited  in  the  motor  cylinder.  In  some  car- 
bureting devices  the  entering  air  is  made  to  pass  over  the  surface  of 
wicks  saturated  with  liquid  gasoline  or  the  liquid  fuels  may  be  in- 
jected into  the  entering  air 
stream  in  the  form  of  a  fine 
spray  or  mist.  In  other  con- 
structions the  fuel  is  injected 
directly  into  the  engine 
cylinder, 

Q.     What    is  the   present 
accepted  method? 

A.  The  form  of  carbureting 
device  widely  used  at  the  pre- 
sent time  is  known  as  the 
spraying  type,  because  the 
fuel  is  drawn  out  of  a  stand 
pipe  or  jet  in  a  fine  stream 
which  rapidly  becomes  a  mist 
or  vapor  by  the  suction  effect 
of  the  entering  air  stream. 
The  advantage  of  this  con- 
struction is  that  a  thorough 
amalgamation  of  the  gasoline 
and  mr  particles  is  obtained. 
The  primitive  forms  of  vapor- 
izers in  which  the  air  stream  was  passed  over  or  through  the  high 
^ade  or  very  volatile  gasoline  that  was  first  used  for  fuel,  would  be 
entirely  unsuitable  for  use  today.  In  the  first  place  they  would  not 
carburete  the  lower  grades  of  gasoline  supplied  at  the  present  time, 
and  secondly,  they  could  not  supply  the  modern  high  speed  engine 
with  gas  of  the  proper  consistency  fast  enougji  even.  \t  \i\s^  ^*&». 


fuel  n 


8  avBilable. 


Questions  and  Answers 


Pi& 


Q.    Describe  the  Diesel  system. 

A,  A  system  of  fuel  supply  developed  by  Dr.  Diesel,  a  Germa 
cheim&t  and  en^eer,  is  attracting  considerable  attention  at  tl 
present  *ime  on  account  of  the  ability  of  the  Diesel  engine  to  bui 
low  ^ade  fuela  such  as  crude  petroleum.  In  this  system,  the  engini 
are  built  so  that  very  high  compressions  are  used,  and  only  pure  a 
b  taken  into  the  cylinder  on  the  induction  stroke.  This  is  con 
pressed  to  a  pressure  of  about  500  pounds  per  square  inch,  and  bu 
Scient  beat  is  produced  by  this  compteBMraa  to  ex^VcAfe  ft.\s:j*0 
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carbon  mixture.  As  the  air  which  is  compressed  to  this  high  point 
cannot  bum,  the  fuel  is  introduced  into  the  cylinder  head  under 
still  higher  compression  than  that  of  the  compressed  air,  and  as  it  is 
injected  in  a  fine  stream,  it  is  immediately  vaporized  because  of  the 
heat.  Just  as  soon  as  the  compressed  air  becomes  thoroughly  sat- 
urated with  the  liquid  fuel,  it  will  explode  on  account  of  the  degree 
of  heat  present  in  the  combustion  chamber.    (Figs.  61,  62.) 

Q.     What  are  the  advantages  of  the  injection  method? 

A.  The  injection  method  of  fuel  supply  has  the  important  ad- 
vantage of  permitting  the  use  of  very  cheap  fuels  which  could  not  be 
utilized  in  ordinary  forms  of  vaporizers  on  account  of  the  high  tem- 
perature needed  to  vaporize  them. 

Q.     What  are  the  disadvantages  of  injection  engines? 

A.  Owing  to  the  extremely  high  compression  employed  in  in- 
jection engines,  these  must  be  made  very  substantial  and  strong,  and 
this  principle  is  suitable  only  for  the  comparatively  slow  acting 
power  plants  of  the  stationary  or  marine  type.  An  injection  engine 
is  not  as  flexible  as  the  electrically  ignited  carburetor  supplied  pow- 
er plants  used  for  automobile  service,  and  this  fact  also  militates 
against  the  injection  principle  for  this  use. 
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lESSON  SIX 

TYPES  OF  CARBURETORS  AND  THEIR  ACTION 

Q.    What  are  the  simplest  forms  of  carburetors? 

A.  The  old  patterns  of  evaporation  or  surface  carburetors  woe 
the  simplest  forms  of  carburetion  devices  and  the  modified  device 
in  which  wicks  were  used  was  but  slightly  more  complicated. 

Q.     Describe  action  of  evaporation  or  surface  type. 

A.  This  form  of  carburetor  consisted  of  a  simple  tank  or  contain- 
er for  the  Uquid  and  the  air  was  drawn  in  and  across  the  surface  of 
the  gasoline  in  order  that  it  might  become  saturated  with  the  viqxns 
constantly  present  at  that  po  nt.  These  rich  gases  were  drawn  into 
the  engine  through  a  simple  form  of  mixing  valve  which  permitted 
the  entrance  of  an  auxiliary  supply  of  air  from  the  outside  of  the 
container  to  dilute  the  rich  gas  and  make  it  of  a  proper  composition 
to  insure  energetic  combustion. 

Q.     Describe  action  of  wick  type  vaporizer. 

A.  The  wick  form  cf  carburetor  is  essentially  the  same  in  con- 
struction as  the  simpler  surface  type  except  that  the  mixing  compart- 
ment through  which  the  air  flows  is  separated  from  the  fuel  contain- 
ing portion  by  means  of  a  wall  of  absorbent  material,  such  as  wicks, 
which  feed  the  gasoline  up  into  the  mixing  compartment  by  capil- 
lary attraction  and  by  spreading  it  over  more  surface  make  it  easier 
for  the  air  stream  passing  over  the  wicking  to  pick  up  gasoline  vapor. 

Q.     Describe  action  of  bubbling  type  carburetor. 

A.  The  bubbling  type  differs  from  the  other  simple  forms  pre- 
viously described  in  that  the  air  enters  at  the  bottom  of  the  device 
and  bubbles  through  the  Hquid  to  reach  the  mixing  chamber  from 
which  it  is  drawn  to  the  engine  cylinder. 
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Q.     Name  objections  to  these  forms. 

A.  Devices  of  the  nature  previously  considered  had  great  de- 
fects which  would  militate  against  their  general  adoption  at  the 
present  day.  They  are  only  suitable  for  use  in  conj  unction  with  high 
grade  gasoline  which  has  high  evaporating  value.  It  is  doubtful  if 
they  would  give  satisfactory  results  with  the  low  grade  fuels  avail- 
able today.  In  many  cases  these  devices  were  as  large  as  the  cylinder 
of  the  motor  to  which  they  were  applied,  and  this  factor  would  also 
be  considered  a  disadvantage. 

Q.     What  is  the  principle  of  spraying  carburetor  action? 

A.  The  spraying  form  of  carburetor  was  evolved  to  eliminate  one 
of  the  great  disadvantages  present  with  the  simple  evaporation  types. 
As  these  were  used,  the  fuel  contained  therein  became  heavier,  be- 
cause only  the  lighter  and  more  volatile  constituents  evaporated. 
After  a  motor  had  been  running  for  some  time,  it  was  necessary  to 
drain  out  the  residue,  and  admit  a  supply  of  fresh  fuel  from  the  main 
container,  because  the  heavy  matter  left  after  the  more  volatile 
vapors  had  passed  into  the  engine  could  not  be  vaporized  by  an  air 
stream  merely  brushing  over  its  surface  or  passing  through  it.  In  the 
spraying  type  of  carburetor  the  fuel  is  drawn  into  the  entering  air 
stream  through  a  small  jet  or  stand  pipe  which  causes  it  to  issue  into 
the  form  of  a  spray  which  soon  turns  into  vapor.  With  the  spray- 
ing principle  every  particle  of  the  fuel  is  used  because  the  heavier 
portions  are  sprayed  into  the  air  stream  at  the  same  time  that  the 
lighter  constituents  are,  and  as  the  liquid  enters  the  air  stream  in  a 
finely  divided  state  or  as  a  mist  it  is  almost  immediately  vaporized 
and  turned  into  an  explosive  gas. 

Q.     Describe  a  simple  mixing  valve. 

A.  A  simple  form  of  mixing  valve  consists  of  a  brass  body  por- 
tion having  three  outlets.  The  largest  of  these,  which  serves  as  the 
main  air  entrance,  is  normally  closed  by  a  mushroom  valve  which  is 
held  against  its  seat  by  means  of  a  coiled  spring  in  such  a  way  that 
it  can  only  open  when  acted  on  by  the  suction  of  the  engine.  The 
fuel  is  connected  to  the  device  at  a  point  where  a  small  passage 
leads  from  the  fuel  inJet  to  the  poppet  valve  seaXi.  ^X^kcl'sm^x  *Oofc 
valve  18  closed,  the  fuel  spray  opening  is  coveted  \iy  \X^^  n^n^  «s^^ 
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the  fuel  cannot  flow.  The  third  opening  forms  an  outlet  for  thi 
ture  and  is  connected  to  the  engine.  The  action  of  a  device  ( 
kind  is  easily  understood.  Every  time  the  piston  of  the  ( 
draws  in  a  charge  of  air,  it  lifts  the  mushroom  valve  from  it 
and  a  small  quantity  of  liquid  fuel  is  injected  into  the  air  stre 
it  brushes  over  the  small  orifice  in  the  valve  seat  through  whii 
liquid  issues.  The  liquid  spray  and  air  become  mixed  toget 
the  body  of  the  device  and  flow  to  the  engine  in  the  form  of 
plosive  mixture. 

Q.     How  are  mixture  proportions  regulated? 

A.     As  a  general  rule  the  amount  of  gasoline  supplied  m 
regulated  by  a  small  needle  valve  controlled  by  a  knurled  1 
nut  while  the  air  supply  may  be  altered  by  controlling  the 
the  air  valve  by  suitable  means. 

Q.     Name  defects  of  simple  mixing  valves. 

A.  One  of  the  most  important  disadvantages  of  the  simple  i 
valve  is  that  it  does  not  provide  as  good  a  mixture  as  moden 
speed  engines  demand,  because  it  does  not  vaporize  all  of  the  '. 
and  some  of  the  fuel  is  present  in  liquid  form  until  taken  into  t 
cylinder.  At  low  engine  speeds  particles  of  liquid  fuel  will  j 
to  the  walls  of  the  manifold  and  when  the  engine  speed  is  augn 
and  the  velocity  of  the  gases  passing  through  the  manifold  inci 
the  air  stream  picks  up  some  of  the  liquid  previously  deposi 
the  inlet  pipe  and  the  result  is  a  mixture  excessively  rich  in 
supplied  the  motor.  Another  disadvantage  is  that  after  the  ( 
has  been  in  use  for  a  time  the  air  valve  might  wear  its  seat  enoi 
that  it  does  not  prevent  the  gasoline  from  running  out  all  th 
and  flooding  the  air  inlet  opening  with  the  liquid. 

Q.  What  is  a  float  feed  carburetor? 
A.  A  float  feed  carburetor  is  a  device  in  which  the  fuel  is 
tained  at  a  certain  level  in  a  stand  pipe  or  jet.  This  level  is  s 
portioned  that  the  liquid  does  not  overflow  the  stand  pipe,  am 
the  fuel  will  be  sprayed  into  the  mixture  only  when  drawn 
the  jet  or  nozzle  by  means  of  the  air  stream  induced  by  engin 
Hon.  The  level  in  the  spray  nozzle  is  maintained  by  a  simple 
matic  valve  mecbajxism  in  which  a  ftoat  conttcAa  \5afe  %&cc£ffii 
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fuel  to  the  device.    The  essentia!  elements  of  a  simple  form  of  float 
feed  carburetor  are  clearly  outlined  at  Fig,  63. 

Q.     Name  two  important  parts  of  the  float  feed  carburetor. 

A.  All  float  feed  cM-buretora  are  composed  of  two  separate  cham- 
bers or  compartments,  one  of  which  is  called  the  mixing  chwnber 
and  the  other  the  float  chamber. 

Q.     What  is  the  mixing  chamber? 

A,  The  mixing  chamber  is  the  portion  of  the  carburetor  in  which 
the  spray  nozzle  is  placed  and  through  which  the  air  stream  passes 
before  it  can  reach  the  inlet  manifold. 

Q.     What  is  the  float  chamber? 

A.  The  float  chamber 
is  that  part  of  the  car- 
buretor to  which  the  fuel 
is  first  admitted  and 
which  serves  as  a  con- 
tainer for  the  float  which 
regulates  the  level  of  fuel 
in  the  standpipe.  When- 
ever the  fuel  level  falls, 
the  float  which  is  sup- 
ported by  the  liquid  falls 
and  opens  a  valve  which 
permits  more  of  the 
liquid  to  flow  into  the 
float  bowl  from  the  main 
fuel contamer.  Whenthe 
level  reaches  the  proper  height  the  float  shuts  the  valve  and  the 
fuel  supply  is  stopped. 

Q.    What  are  floats  made  of? 

A.  The  float  may  be  solid  and  composed  of  some  light  substance 
that  will  float  in  the  liquid  or  it  may  be  of  hollow  metal  of  any  form 
that  will  displace  more  than  its  weight  of  fuel.  Cork  is  the  material 
generally  used  for  solid  floats,  while  sheet  copper  ot  htwa  9Rv**a. 
for  the  hollow  members. 
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Q.     How  many  methods  of  mixing  chamber  placing  reUiy 

to  float  chamber  prevail? 

A.     There  are  two  common  ^rangements  of  the  fioat  and  a 
chambers  as  outlined  at  Fig.  64.    In  one,  the  float  chamber  is 
at  one  side  of  the  mixing  compartment,  while  in  the  other  the  fi 
chamber  is  concentric  with  and  surrounds  the  mixing  i 

Q.     What  are  the  advantages  of  the  concentric  design? 

A.     When  a  float  bowl  is  carried  at  the  side  of  the  mixing  ol 
the  level  in  the  jet  will  vary  except  when  the  device  is  abwdotelfl 


level.  If  the  float  chamber  is  in  front  of  the  mixing  chamber  when 
climbing  a  grade,  it  will  tend  to  cause  flooding,  because  it  is  talt«d 
higher  than  the  spraying  nozzle  top.  When  descending  a  hill  the 
conditions  are  reversed  and  the  fuel  level  in  the  spray  nozzle  will  be 
too  low  and  not  enough  liquid  will  be  sprayed  into  the  mixture. 
With  the  concentric  design,  where  the  spray  nozzle  is  carried  at 
a  central  point  of  the  carburetor,  no  reasonable  amount  of  tilting 
will  alter  the  level  of  liquid  at  that  point  appreciably.  The  con- 
centric construction  is  preferred  because  it  tends  to  promote  uni- 
formity of  mixture  proportions  under  all  conditions  of  car  oper* 
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TAraff^  L  e^er 


y/?e.^u/af^hf/i/6e£//e 


Q.  What  is  the  Venturi  tube  mixing  chamber? 
A.  A  Venturi  tube  mixing  chamber  of  conventions]  design  i 
clearly  outlmed  at  Fig.  66.  In  this  it  will  be  noticed  that  the  mix 
ing  chajnber  is  constricted  at  a  point  approximately  in  line  with  tb 
top  of  the  jet.  This  insures  a  high  velocity  of  lur  past  the  top  o 
the  spray  nozzle  even  at  low  engine  speed.  With  a  straight  miani 
chamber  the  speed  of  the  entering  air  stream  at  low  engine  speet 
might  not  be  sufficient  to  pick  up  enough  fuel  to  form  an  exploOT 
mixture.  Constricting  the  tube  at  the  proper  point  means  that  th 
Eur  velocity  will  always  be  sufficient  to  draw  a  full  supply  of  liqui 
tirun  the  spray  nozzle. 
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Q.     What  is  an  automatic  carburetor  and  why  is  it  needed? 

A.  Whenever  a  Venturi  tube  construction  is  employed  to  8& 
cure  greater  air  velocity  at  low  speed  it  is  apparent  that  at  higli 
engine  speed  the  air  velocity  might  be  great  enough  to  draw 
more  fuel  than  wa^  actually  needed  into  the  engine  cylinder.  Thie 
would  mean  that  the  excessively  rich  mixture  provided  at  high 
engine  speed  would  cause  overheating  and  waste  fuel  and  a  com- 
paratively thin  mixture  at  low  engine  speed  would  interfere  with 
prompt  starting.  In  actual  practice  these  conditions  should  be  re- 
versed.   The  rich  mixture  is  only  necessary  for  starting  while  a  much 


GaaOutl&f 


/oat 
"ipratf  Nozzle^ 


Ora/'n  Coo/f 


Pig.  67. TyiHcal  Concentric   Float   Carburetor  Wi\h  Vo^^ex  "^^nc 

Controlling  Auxiliary  Aii  Supp\7. 


128 


Questions  and  Answers 


thinner  mixture  or  one  containing  a  larger  proportion  of  ur  can  i  i, 

used  to  advantage  at  iiigh  engine  speed.     The  automatic  fonn  ^ 

carburetor,  which  is  the  type  generally  used  to-day,  provides  {  , 

the  introduction  of  an  auxiliary  supply  of  air  through  a  sepan  . 
opening  that  will  dilute  the  excessively  rich  mixture  obtained  I 
higher  speed  and  make  it  more  suitable  as  a  combustible  gas. 


/'/o£r/- 


/^-//TTctryAi'Z  z  IZ' 


Fig.  I 


—Two  Jet  Carburetor  of  Simple  Design. 

r  be  admitted  to  the  carburetor? 


Q.     How  may  auxiliary  i 

A,     The  auxiliary  air  passage  may  be  controlled  by  any  form  of 

automatic  valve.   In  the  design  shown  in  Fig.  67,  the  tur  is  admitted 

by  means  of  an  ordinary  spring  seated  mushroom  or  poppet  valw. 

The  spring  tension  is  so  proportioned  that  the  valve  will  open  only 

oa  medium  and  bigb  engine  speeds,  at  'wtoci^i  tim«R  'Caa  e; 
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greater  than  that  prevailirg  at  low  speed.  The  auxiliary  ur  passages 
are  sometimes  controlled  by  means  of  reeda  which  open  progress 
ively  as  more  auxiliary  air  is  needed  or  by  a  series  of  balls  which 
cloeethe  auxiliary  air  ports.  The  strength  of  the  reeds  or  the  weight 
of  the  b^ls  may  be  varied  so  the  air  passages  will  open  pr<^ess- 
'vely  and  admit  more  air  aa  the  demands  increase. 


GasOcft/^r 


•  Intake  and  No 


Q.     What  is  a  multiple  jet  carburetor? 

A.  A  simple  form  of  multiple  jet  carburetor  is  shown  at  Fig.  68. 
In  -a  device  of  this  character,  two  or  more  spray  nozzles  are  usei 
instead  c&  a  single  jet.    The  arrangement  is  usually  such  that  ihC 
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primary  nozzle  is  used  at  low  speed  while  the  secondafy 
is  brought  in  action  at  higher  speed  when  more  fuel  is  need 
some  types  the  arrangement  is  such  that  the  primary  noi; 
only  at  low  speed  while  the  secondary  nozzle  supplies  gasoli 
at  high  speed.  In  other  multiple  jet  carburetors,  the  noz: 
brou^t  into  action  pro^essively  when  the  throttle  is  op 
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Fig.  70. — Sectional  View  of  Zenith  Compound  Nozzle  Carbtu 

such  a  point  that  the  primary  nozzle,  which  has  a  small  b 
orifice,  cannot  supply  fuel  enough;  then  the  secondary  n 
drought  into  action  and  contributes  its  quota  of  Ucvuid  to  < 
saie  for  tie  augmenting  demand  ot  t\ie  eiv^iae. 
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Q.     How  is  the  simple  type  of  carburetor  adjusted? 

A.  In  the  simplest  forms  of  carburetors,  the  amount  of  gasoline 
or  other  fuel  supplied  the  mixture  can  be  altered  only  by  changing 
spray  nozzles  until  one  having  the  proper  size  hole  to  suit  the  con- 
ditions then  prevailing  is  found.  On  some  types,  a  slight  degree 
of  adjustment  is  provided  by  altering  the  float  level,  while  in  others 
the  main  or  auxiliary  air  supply  is  varied. 

Q.     How  are  gasoline  proportions  usually  regulated? 

A.  In  most  of  the  carburetors  that  have  received  general  appli- 
cation, such  as  the  types  outlined  at  Figs.  69  and  70,  the  spray 
nozzle  orifice  is  controlled  by  a  needle  valve  which  may  be  used  to 
regulate  the  amount  of  gasoline  entering  the  air  stream. 

Q.     How  is  the  amount  of  air  varied? 

A.  In  some  forms  of  carburetors  no  provision  is  made  for  alter- 
ing the  amount  of  air  supplied  the  mixture.  This  is  usually  the  case 
in  those  forms  where  the  auxiliary  air  supply  ports  are  controlled 
by  a  series  of  reeds  or  balls.  In  the  types  where  one  valve  regulates 
the  auxiliary  air  supply,  the  amount  of  air  may  be  varied  by  in- 
creasing or  decreasing  the  spring  tension  or  by  regulating  the  lift 
of  the  valve. 

Q.     How  can  one  tell  when  the  mixture  is  not  correct? 

A.  There  are  two  methods  of  determining  poor  mixture.  If 
the  engine  action  is  irregular  and  the  trouble  is  not  due  to  ignition, 
or  to  defective  motor  parts,  it  can  be  ascribed  to  faulty  carbure- 
tion.    The  exhaust  gas  also  indicates  if  the  mixture  is  too  rich. 

Q.  How  can  one  tell  when  there  is  too  much  gasoline  in 
mixture  by  motor  action? 

A.     An  excess  of  fuel  in  the  mixture  will  tend  to  make  the  m 
overheat  and  be  sluggish  in  action. 

Q.  What  indicates  an  excess  of  gasoline  in  the  mixture  at 
the  exhaust? 

A.     Clouds  of  black  smoke  issuing  from  the  muffler  or  a  foul 
smelling  exhaust  indicates  that  too  much  gasoline  is  present  in  the 
mixture.    When  there  is  an  excess  of  liquid  iwe\  axvdi  ^oT£^\i%>ilv3^ 
k  poor,  the  exhaust  gases  in  addition  to  smeWm^N^r^  ^Xx^x^^,^'^^ 
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have  a  tendency  to  affect  the  eyes  of  a  pei^on  standing  in  the 
of  the  discharging  gas. 

Q.  What  do  clouds  of  white  or  gray  smoke  at  the  ffli 
indicate? 

A.  White  or  bluish  white  smoke  means  that  too  much  1 
eating  oil  is  being  used,  while  gray  smoke  indicates  that  in  add 
to  a  surplus  of  lubricating  oil,  there  is  too  much  gasoline  ir 
mixture. 
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Fig.  71.— Sectional  View  of  Schebler  Model  E  Carburetor  Shoi 
Auxiliary  Air  and  Sprajr  Nozzle  Regulation. 

0-     What  shows  an  excess  of  air  in  the  mixture? 
A.     The  moet  common  symptom  deiio\,mft  »»■  exfieea  (A  sok'ti 
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ping  back  in  the  carburetor,  and  loss  of  ecgine  power  even  If  there 
are  no  popping  sounds. 

Q.     When  are  the  exhaust  gases  visible? 

A.     The  exhaust  gas  as  it  issues  from  the  end  of  the  manifold  or 
through  the  muffler  cut-out  fitting  is  clearly  visible  after  dark. 

Q.    What  color  is  the  exhaust  gas  when  mixture  is  correct? 

A.  If  combustion  is  good  the  exhaust  gas  will  be  almost  color- 
less and  have,  the  bluish  tinge  that  is  present  iiL  t\ie>  &%m&  o\  %■  %>i 
homer c^ the BtinBen  typeor  blue  flame  dlbvumet. 
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Q.    What  color  is  the  exhaust  flame  when  there  is  too 
gasoline? 

A.     If  the  exhaust  gases  are  reddish  in  color,  it  indicates  a 
plus  of  fuel. 

Q.    What  color  is  the  exhaust  when  there  is  too  much  air 
the  mixture? 

A.     The  exhaust  flame  is  yellow  in  color  when  there  is  an  i 
ficient  amount  of  gasoline  in  the  mixture. 

Q.     What  is  the  advantage  of  water-jacketing  a  carburetor? 

A.     It  is  very  desirable  to  water  jacket  the  float  bowl  of  the 
buretor  and  the  mixing  chamber  and  to  pass  some  of  the  cool 
water  from  the  cylinders  through  this  jacket.    The  heat  assists 
vaporizing  the  liquid  and  makes  more  uniform  mixture  proportioB. 

Q.     Why  is  it  desirable  to  supply  hot  air  to  a  mixture? 

A.  In  many  cases  the  main  air  supply  is  taken  from  a  point  netf 
the  exhaust  manifold  so  that  only  heated  air  is  drawn  into  the  ca^ 
biu-etor.  The  advantage  of  using  heated  air  is  that  it  is  more  suit- 
able for  use  with  low  grade  fuels  which  do  not  evaporate  readily 
than  cold  air.  The  warm  air  tends  to  vaporize  the  liquid,  whereas 
cold  air  tends  to  condense  the  vapor. 

Q.  How  are  low  grade  fuels  utilized  with  conventional  vapo^ 
izers? 

A.  There  are  two  methods  of  using  carburetors  of  the  design 
adapted  for  gasoline  with  the  lower  grade  fuels  such  as  kerosene. 
These  are  outlined  at  Figs.  72  and  73.  In  the  former,  in  addition 
to  pre-heating  the  fuel  by  a  water  jacket  around  the  float  bowl,  a 
spray  of  water  is  injected  into  each  gas  charge.  The  fimction  of 
the  liquid  is  to  turn  into  steam  from  the  heat  of  the  explosion, 
liberating  oxygen  which  combines  with  the  siu-plus  carbon  and 
tends  to  make  combustion  more  perfect. 

At  Fig.  73,  a  carburetor  intended  for  use  with  either  kerosene 
or  gasoline  is  shown.  The  supply  pipes  from  both  gasoline  and  ke^  i 
osene  tanks  are  led  to  a  common  fitting  or  valve  which  can  be  turned  I 
so  that  either  liquid  will  be  supplied  the  float  chamber.  When  i 
gasoline  is  used,  the  mixture  flows  directly  to  the  cylinder  becaM  < 
^^e  supplementary  throttle  is  moved  Vn  SMct.  «ii  ^^^\^v»ql  that  tiil ; 
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mixture  is  not  forced  through  the  fuel  gas  vaporizing  coil,  but  passes 
right  into  the  cylinder  through  the  main  throttle  and  gas  outlet. 
When  kerosene  is  employed,  however,  it  is  necessary  to  heat  the 
vapor  to  insure  thorough  vaporization.  The  supplementary  throttle 
is  then  moved  out  in  such  a  way  that  the  fuel  gas  must  ijasa  tfcsQ>\i^ 
the  vaporizing  eoM  wiich  are  surrounded  b^  \,>ie  V-A  &-^«»A. 
gaeca  before  tb^  are  drawn  into  the  cyUndeta. 
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porize  the  heavy  fuel.  The  desired  temperature  for  vaporizmg 
the  kerosene  may  be  attamed  after  motor  operates  five  or  six 
minutes.  As  the  heavy  fuel  mixture  is  conveyed  to  the  intake 
manifold  above  the  regular  form  of  carburetor,  it  is  possible  to 
use  either  fuel  independently  and  run  the  motor  on  one  fuel  should 
the  supply  of  the  other  become  exhausted. 

The  G.  C.  vaporizer  replaces  the  conventional  muflBier,  and  the 
exhaust  gases  are  led  to  it  from  the  motor,  so  the  heat  usually 
wasted  is  utilized  for  aiding  in  vaporizing  the  heavy  fuels.  The  ex- 
haust gases  pass  through  the  central  portion  of  the  vaporizer  and 
during  their  passage  they  heat  up  a  triple  layer  of  small  fragments 
of  cast  iron  through  which  a  horizontal  pipe  extends  containing  the 
fuel  to  be  vaporized.  Atmospheric  air  is  drawn  through  the  vapor- 
izer at  the  same  time  from  another  opening,  and  as  this  mixes  with 
the  kerosene  vapor,  the  cylinders  are  fed  with  a  homogeneous  gas. 
The  amount  of  kerosene  entering  the  vaporizer  is  automatically 
regulated  by  the  motor  suction  and  the  supply  increases  in  propor- 
tion to  the  motor  speed  because  the  degree  of  vacuum  in  the  cylin- 
ders depends  on  the  amount  of  throttle  opening.  The  kerosene 
supply  pipe  goes  to  a  float  chamber  communicating  with  the  vapor- 
izer by  an  independent  p  pe.  The  mixture  from  the  vaporizer  goes 
to  the  intake  manifold,  through  a  long  fuel  supply  pipe,  the  motor 
end  of  which  is  fitted  with  an  auxiliary  air  mixing  valve  and  a  throt- 
tle for  regulating  the  amount  of  gas  going  to  the  cylinder. 

The  adjustments  are  very  simple,  and  once  the  vaporizer  is  in- 
stalled it  is  claimed  that  it  requires  no  further  attention.  If  the 
motor  shows  evidence  of  smoking,  the  adjustment  A  of  the  auxiliary 
air  valve  is  moved  in  the  direction  of  the  arrow  D.  If  the  engine 
back-fires  because  the  mixture  is  too  thin,  the  adjusting  screw  A 
is  screwed  in  the  direction  of  C.  The  low  speed  adjustment  is  ob- 
tained by  the  screw  B,  which  is  moved  in  the  direction  a  if  the  motor 
smokes  and  toward  6  for  back-firing.  The  amount  of  kerosene 
entering  the  vaporizer-silencer  may  be  regulated  by  moving  the 
screw  E  on  the  float  chamber  in  the  direction  e  for  smoking,  and  in 
direction  /  if  the  motor  back-fires. 

It  is  claimed  that  this  device  permits  the  use  oi  oVitex  iM'^^\i^'^\^^'^ 
kerosene,  4Ui  it  baa  operated  successfully  on  a\co\io\,  \ifc«M^  ^^\x^ 
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leuTi,  and  very  low  grade  kerosene,  commonly  called  "distillt 
When  properly  adjusted,  it  is  advanced  that  the  consumptio 
kerosene  is  about  20%  less  than  gasoline  needed  for  the  same  jm 
output.  To  start  a  motor  employing  this  system  it  is  uecessai 
close  the  kerosene  throttle  entirely  and  to  start  the  motor  o& 
gasoline  carburetor  and  regulate  its  speed  for  five  to  ten  minutt 
the  gasoline  throttle  at  the  lower  portion  of  the  intake  mani 
When  it  is  desired  to  operate  on  kerosene,  the  gasoline  throtl 
gradually  closed  and  the  kerosene  gas  controlling  throttle  is  gradi 
opened  until  the  motor  is  running  on  ttie  kCToaeuft  T&ixtAira. 
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Q.     What  else  may  be  done  to  use  kerosene? 

A.  Some  forms  of  two-cycle  motors  use  kerosene  by  the  method 
outlined  at  Fig.  74.  When  the  air  is  transferred  from  the  engine 
base  where  it  has  been  compressed,  a  portion  of  the  air  stream  is 
deflected  through  a  by-pass  to  the  top  of  the  float  bowl  so  that  the 
liquid  contained  therein  is  placed  under  pressure.  This  pressure 
causes  a  certain  amount  of  the  fuel  to  spray  through  the  spray  pipe 
or  nozzle  placed  at  the  top  of  the  cylinder  by-pass  passage  and  a 
stream  of  kerosene  is  injected  into  the  entering  air  stream  and  vapor- 
ized. With  either  of  these  systems  it  is  not  possible  to  start  directly 
on  kerosene;  it  is  necessary  to  run  the  engine  on  gasoline  until  it 
becomes  hot  enough  to  evaporate  the  less  volatile  liquid  fuel.  With 
the  carburetor  shown  at  Fig.  73,  it  is  a  relatively  simple  matter  to 
change  from  one  fuel  to  the  other.  With  the  injection  system  shown 
at  Fig.  74,  the  float  bowl  may  be  filled  with  gasoline  directly  from 
the  gasoline  tank  with  the  valve  handle  in  the  position  shown  by 
the  dotted  line,  and  when  the  valve  handle  is  straight  up  the  gasoline 
inlet  is  shut  off  and  the  fuel  supply  is  through  the  kerosene  inlet. 

Q.  What  becomes  of  the  burnt  gases  when  they  are  dis- 
charged from  the  engine? 

A.  After  the  burnt  gases  pass  out  of  the  cylinder,  they  pass 
through  the  exhaust  manifold  and  exhaust  pipe  to  the  muffler. 

Q.     What  is  a  muffler? 

A.  A  muffler  is  a  simple  device  designed  to  silence  the  gases 
as  they  issue  from  the  engine  before  they  pass  to  the  outer  air  with 
as  little  loss  of  power  due  to  back  pressure  as  possible. 

Q.  Why  is  it  imperative  that  as  little  back  pressure  exist  in 
muffler  and  exhaust  piping  as  possible? 

A.  When  the  gases  are  discharged  through  the  open  exhaust 
valve,  their  pressure  is  approximately  40  pounds  per  square  inch, 
and  if  the  muffler  and  exhaust  piping  offers  a  decided  resistance  to 
their  passage  to  the  outer  air,  there  will  be  a  negative  pressure 
equivalent  to  that  exerted  by  the  exhaust  gases  that  will  t^\!A  ^5;^ 
prevent  the  piston  coming  to  the  top  of  its  scaven^ixv^^Xx^^.  ^'^X:^ 
would  mean  that  considerable  force  or  power  wov\VA.\i^  M^Saii^^'^ss. 
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expelling  the  exhaust  gases  that  could  be  employed  to  n 
advantage  in  propelling  the  car. 

Q.    What  is  a  muffler  cut-out  valve? 

A.  The  muffler  cut-out  valve  is  a  fitting  interpose 
the  exhaust  manifold  and  the  muffler  in  such  a  way  tha 
operated  to  allow  the  exhaust  gases  to  escape  directly 
from  the  manifold  without  passing  through  the  muffler. 

Q.  How  is  a  muffler  cut-out  valve  operated  and  w 
tage  does  it  offer? 

;  A.  The  muffler  cut-out  valve  is  usually  operated  b 
pedal  that  can  be  pressed  down  by  the  toe  or  heel  of  tl 
locked  in  the  open  position.  A  muffler  cut-out  offers  seve 
ages,  the  most  important  being  that  it  permits  the  motor 
to  the  exp'osions  to  see  that  they  follow  in  regular  sec 
also  to  relieve  any  back  pressure  due  to  the  muffler  when  al 
power  is  needed  as  in  high  speed  work  and  hill  climbing 

Q.     Can  a  muffler  be  both  silent  and  efficient? 

A.  Mufflers  of  modern  construction  offer  but  little  ba< 
and  are  silent  enough  so  that  nothing  but  a  barely  perce 
ing  noise  is  heard  when  the  engine  is  running. 

Q.     Describe  method  of  silencing  the  exhaust  in  a 

A.  A  muffler  consists  of  a  series  of  compartments  in 
gases  are  allowed  to  expand  and  as  they  increase  in  vc 
pressure  is  reduced.  The  exhaust  passes  from  one  comp 
the  muffler  to  the  neighboring  one  through  a  series  of  1 
break  up  the  main  stream  into  a  number  of  smaller  st: 
cooling  the  gases  and  reducing  the  pressm-e  until  it  is  I 
greater  than  that  of  the  air.  The  ideal  muffler  would  I 
would  discharge  the  gases  only  when  their  pressure  hs 
duced  to  such  a  low  point  that  there  would  only  be  differe 
between  the  exhaust  gas  and  atmospheric  pressure  to  u 
ing  out  the  muffler. 


LESSON  SEVEN 

HOW  GAS  IS  EXPLODED  IN  CYLINDER  TO  PRODUCE 

POWER 

Q.     How  can  explosive  gas  in  cylinder  be  exploded? 

A.  The  compressed  gas  in  the  motor  cylinder  may  be  exploded 
by  setting  fire  to  it  by  the  application  of  heat. 

Q.    When  is  the  charge  fired? 

A.  The  charge  is  exploded  when  the  piston  reaches  the  end  of 
its  compression  stroke  or  at  top  position  and  just  prior  to  the  in- 
ception of  the  power  stroke. 

Q.     Name  some  early  methods  of  exploding  the  gas. 

A.  The  gas  charge  was  exploded  on  early,  slow  speed,  low  com- 
pression motors  by  means  of  a  naked  flame,  hot  tube  or  hot  head. 

Q.     Describe  objections  to  open  flame  method. 

A.  The  open  flame  method  was  suitable  only  for  use  on  the  very 
early  engines  that  did  not  compress  the  charge  before  ignition.  The 
flame  burned  outside  of  the  combustion  chamber,  and  at  the  proper 
time  for  firing  the  charge,  a  small  slide  or  valve  permitted  the 
flame  to  communicaite  with  the  contents  of  the  combustion  chamber 
and  explode  them.  The  chief  objections  were  imcertainty  of  ignition, 
as  many  explosions  were  missed,  blowing  out  of  the  flame  and  dif- 
ficulty of  using  the  flame  with  even  small  degrees  of  compression. 

Q.     Outline  hot  tube  method. 

A.  The  hot  tube  was  an  improvement  on  the  naked  flame,  and 
consisted  of  a  simple  porcelain  or  metal  tube  which  was  heated  by 
a  flame  burning  outside  of  the  cylinders.  Two  types  of  hot  tubes  are 
indicated  at  Fig.  75,  while  the  method  of  installation  can  be  readily 
ascertained  by  examining  the  diagram  at  Fig.  75-A.  As  tha  %^^^^s^ 
exploded  by  means  of  the  heat  of  the  tube  and  t\i^  Ti^Jfeadi  ^wkv^  ^^ 
not  eommuDJcate  directly  with  the  inteiior  ol  \^i^  ^oxsitavis^^^^^ 
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chamber,  the  objections  advanced  against  the  simpler  open  fli 
ignitioQ  were  eliminated  to  a  degree 

Q,     Where  is  this  method  still  used? 

A.     The   hot  tube   method  of  ignition  is  still  utilized  in  sobkj 
forms  of  stationary  engines  u-iing  crude  oil  as  fuel, 

Q.     What  is  the  hot  head  method  of  ignition? 

A.     The  hot  head  method  of  ignition  which  is  outlined  at  B,  I 


Fig.  75. — Showing  Construction  of  Hot  Tube  Formerly  Used  in  Igoh- 
ing  Gases  in  Automobile  Cylinders  But  Now  Confined  to  Lvge 
Stationary  Engines  Employing  Low  Grade  Fuel. 

Fig.  75-A  and  also  at  Fig.  76,  is  a  modification  of  the  hot  tube  method, 
inasmuch  as  a  certain  portion  of  the  cylinder  head,  usually  in  the 
form  of  a  hollow  ball,  is  heated  by  the  flame  of  a  torch  ia  order 
to  get  hot  enough  to  start  the  engine.  After  the  engine  had  bett 
running  for  a  few  minutes  the  •xtema\  aomce  ot  \te«X,  cn^M.\nw■ 
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.d  enough  heating  effect  would  be  obtained  from  the  high 
ire  of  the  exploding  charges  to  maintain  the  heat  of  the 


pre* 


hat  is  the  main  objection  to  the  ignition  methods 
amed? 

e  of  the  main  disadvantages  of  the  open  flame,  hot  tube, 
ead  methods  of  ignition  which  they  share  in  common,  was 
derable  difficulty  obtained  in  attempting  to  vary  the  time 
I  and  obtain  some  degree  of  engine  control  by  this  means. 


6AS 

TORCH 
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, — ^Diagrams    Outlining    Principal    Methods     of    Exploding 
ge  by  Heat     A—Hot  Tube  System.     B— Hot  Bulb  Method. 

>w  can  gas  charge  be  exploded  by  electrical  means? 

ree  methods  of  producing  heat  by  electric  current  have 
..    These  are  outlined  at  Fig.  76-A.    The  diagram  at  A 

first  electrical  ignition  system  in  which  a  coil  of  wire  was 
I  the  cylinder  and  heated  by  passing  a  current  of  electricity 
i  until  it  was  hot  enough  to  explode  the  compressed  gas. 
ol  this  method  of  ign'tion  was  the  rapid  deterioration  of 
■I  coil  and  the  necessity  for  frequent  replacement  of  these 

Tn  the  methods  outlined  at  B  and  C,  an  electric  spark 
d  hi  tbe  ejrlinder  at  just  the  time  it  is  decked  to  ^t^q^^ 
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Q.     How  is  spark  produced  in  cylinder? 

A.  There  are  two  methods  of  causing  an  electric  spark 
in  the  combustion  chamber  That  outhned  at  £  m  Fig  76-A 
volves  a  separation  of  two  contact  members,  through  which  i 
current  of  electricity  is  fiowmg  The  spark  is  produced  when  tl» 
points  separate.  That  outlined  at  C  is  known  as  the  high 
system  Mid  a  spark  overcomes  the  air  space  between  the  pointBif 
the  spark  plug  because  it  has  sufficient  power  or  pressure  to  om- 
come  the  resistance  at  that  point 


Fig.  76. — Section  Through  Vaporizer  and  Valve  Chamber  of  Station- 
ary Engine  Utilizing  Hot  Tube  Ignition. 

Q.  What  are  the  important  advantages  of  the  electrical  igm- 
tion  systems? 

A.  Electrical  ignition  systems,  as  a  rule,  are  easily  controDedi 
ignite  the  charge  unfailinglj  and  exactly  when  desired,  and  are  tin 
most  reliable  of  the  ignition  methods  that  permit  flexible  en^&e 
operation. 

Q.     Why  is  variable  ignition  desirable? 
A.      Variable  ignition  is  necessary  because,  oti.  "mcABTa.\asgp.i^«A 
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automobile  motorSj  it  is  necessary  to  fire  the  churge  e^lier  when 
the  engine  is  running  fast  than  when  it  is  running  slow. 

Q.     Why  should  spark  be  retarded  when  starting  an  engine? 

A.  When  an  engine  \a  started  by  hand  it  is  desirable  to  have  the 
ignition  late  or  retarded  in  order  that  the  gaa  will  not  explode  un- 
til the  piston  has  started  down  on  its  power  stroke.  If  the  explosion 
occtirred  before  the  piston  started  down  it  might  be  driven  around 
in  the  opposite  direction  to  that  it  should  go  and  the  operator  wouM 
be  injured  by  the  reversal  of  motion  of  the  crank  or  flywheel. 
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Fig.  76A.— Diagrams  Outlining  Poasible  Methods  of  Electrical  Igni- 
tion. A — By  Incandescent  Platinum  Wire.  B — By  Make  and 
Break  or  Low  Tension  Sperk.  C — By  High  Tension  or  Jump 
Spark. 

Q.     Why  is  it  necessary  to  advance  spark? 

A.  When  the  ei^ne  speed  is  increased  faster  than  a  normal 
number  of  revolutions,  a  greater  number  of  explosions  occur  in  a 
given  space  of  time  than  when  the  engine  is  running  slowly.  The  gas 
requires  a  certain  amount  of  time  to  become  ignited,  and  when  an 
engine  is  running  faster  and  more  gas  charges  must  be  exploded, 
itisnecessary  to  start  the  ignition  earlier,  which  means  that  the  spark 
time  in  relation  to  the  crankshaft  or  piston  travel  must  be  advanced. 

Q.    Why  is  throttle  control  alone  inadequate? 

A.     Controlling  the  engine  speed  by  varying  the  amount  <it  ^ifc 
does  not  permit  exploding  the  gas  charges  tas\.  eiiovi:^ '■oi.  otiKt  ^'^ 
speed  up  the  engine. 
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Q.     What  would  be  the  effect  when  using  throttle  centre 
without  variable  ignition  at  various  engine  speed? 

A.  When  a  set  spark  is  used  it  is  customary  to  set  the  time  of  j 
ignition  so  that  a  condition  best  suited  for  normal  running  con-l 
ditions  is  obtained.  This  means  that  the  spark  is  set  too  early  to] 
insure  absolute  safety  when  starting  the  engine  and  yet  it  is  too  latej 
to  permit  the  engine  attaining  its  highest  possible  number  of  revo-j 
lutions.  If  the  spark  is  set  a  little  late  and  speed  is  desired  it  will  tej 
noticed  that  the  engine  heats  up  with  full  throttle  openings  aad  yet 
it  is  liable  to  fire  back  due  to  an  advanced  position  when  attempt  is 
made  to  start  the  motor. 

Q.     Is  set  spark  used  to  any  extent? 

A.  Very  few  automobiles  are  controlled  by  varying  the  supply 
of  gas  solely,  though  in  a  few  cases  where  magneto  ignition  is  eift- 
ployed  the  spark  time  is  fixed  and  engine  speed  is  regulated  soldjr 
by  controlling  the  admission  of  explosive  vapor  to  the  cylinders. 
This  is  possible  because  a  magneto  will  generate  more  current  and 
produce  a  spark  of  greater  intensity  as  its  speed  of  rotation  is  in- 
creased. This  means  that  a  hotter  spark  is  present  in  the  cylinder 
at  high  speed  and  in  a  measure  this  provides  for  positive  ignition 
and  corresponds  to  some  extent  to  advancing  the  time  of  igniticm. 
Practically  all  automobiles  ia  use  at  the  present  time  are  provided 
with  variable  ignition  systems,  and  do  not  depend  on  throttle  con- 
trol alone. 


LESSON  EIGHT 

PARTS  OF  THE  IGNITION  SYSTEM  AND  THEIR 

PURPOSE 

Name  the  principal  parts  of  an  electrical  ignition  system. 

The  principal  parts  of  typical  ignition  systems  of  the  high 
on  type  are  outlined  at  Figs.  77  and  78-A.  The  prime  requisite 
jource  of  electrical  current,  a  device  by  which  it  will  produce  a 
c  in  the  combustion  chamber,  auxiliary  devices  for  intensify- 
t  or  increasing  its  value,  a  suitable  timing  appliance  to  insure 
the  spark  will  take  place  in  the  cylinder  only  at  the  proper 
and  wires  or  conductors  to  permit  the  electrical  energy  to  flow 
one  imit  of  the  ignition  system  to  the  others.  The  important 
I  of  a  high  tension  system  are:  The  battery  or  other  cm-rent 
ucer;  the  timer,  which  regulates  the  time  of  ignition;  the  induc- 
coil,  which  is  a  transformer  to  step  up  or  increase  the  current 
nire  of  the  batteries;  and  the  spark  plug  which  is  screwed  into 
combustion  chamber,  and  between  the  points  of  which  the 
ing  spark  takes  place. 

What  are  the  requirements  of  the  current  producer? 

The  current  producer  must  supply  the  electrical  energy 
ired  to  produce  the  spark,  and  must  be  reliable  in  action,  as 
as  relatively  simple  in  construction. 

How  is  the  current  of  electricity  transmitted? 

The  electrical  energy  is  transmitted  over  a  number  of  metal 
uctors  or  wires  insulated  from  each  other  and  the  metal  parts 
e  engine  to  form  circuits. 

,    What  is  a  circuit? 

.  A  circEuit  is  a  path  for  the  electric  current  to  ftow  on^x  ^tA 
*•  nompoeed  entirely  of  wire  or  of  wire  wbicVi  \oma  N«t\Q>aa 
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elements  or  devices  interposed  ao  that  the  current  must  pass  thj 

these  before  it  will  complete  its  circuit. 

Q.  What  is  the  difference  between  a  closed  and  open  cir 
A.  A  closed  circi 
one  that  provides  a 
broken  or  continuous 
fop  the  transmissio 
electrical  energy  whi 
open  circuit  is  oneini 
there  is  a  gap  or  resis 
sufficiently  great  to  pn 
the  electrical  energy 
passing  between  the  v( 
members  comprising 
circuit.  Electricity  cai 
only  over  a  closed  ci 
except  in  cases  wher 
pressure  of  the  cum 
great  enough  so  that  i1 
overcome  or  bridge  tb 
or  resistance  in  an  < 
circuit. 

Q.     How  many  cii 
are    there   in     the 
ignition  system? 

A.  There  are  twt 
cults  in  the  conven 
high  tension  ignitioi 
tems,  these  being  tb 
mary  and  secondaryci 
respectively. 

Q.     What  parts  are  included  in  the  primary  circuit? 
A.     The  primary  circuit  includes  the  source  of  current  or  ba 
the  switch,  the  ignition  timer  and  the  primary  winding  of  the 
former  or  induction  coil.    (See  Figp.  11  ^.  andlft."^ 


Fig.  77 — Vertical  Engine  Employed  in 
Stationary  Service  Showing  Method  of 
Using  Low  Tension  Ignition  System. 
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f  Fig.  77A. — Simple  High  Tension  Ignition  System  for  One  Cylinder 
Motor  Showing  Arrangement  and  Wiring  of  Principal  Parts. 

Q.     What  parts  are  in  the  secondary  circuit? 

A.     The  secondary  circuit  includes  the  high  tension  winding  of 
the  induction  coil  and  the  spark  plug. 

Q.     Describe  parts  of  simple  battery  ignition  system. 

A.     A  simple  battery  ignition  system  for  a  single  cylinder  engine 
IS  shown  at  Fig.  77A  and  a  corresponding  system  for  a  two  cylinder 
engine. is  outlined  at  Fig.  78.    The  current  suppVy  Sa  tfo\,sMife4. ^^wov 
two  sets  of  cells,  one  of  these  beiuf^adry  battery ,  \^ie  o^Jbat  a.a'ysta^^ 
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:  Opposed 

battery.  One  wire  from  the  negative  or  minus  terminal  ( - )  of  each 
battery  leads  to  a  button  on  the  switch.  The  plus  terminal  {+)  or 
positive,  as  it  is  commonly  termed,  of  each  battery  is  grounded  to 
the  engine  frame.  A  single  wire  leads  from  the  top  of  the  switch 
to  one  of  the  primary  terminals  of  the  induction  coil.  The  other 
primary  terminal  of  the  induction  coil  is  connected  to  the  insulated 
terminal  on  the  contact  maker  or  timer.  A  heavily  insulated  wire 
joins  the  secondary  terminal  of  the  induction  coil  with  the  ineu- 
lated  terminal  of  the  spark  plug. 
The  action  of  this  method  ol  igtaUoB.  m«y  ^  eftsSiq  ^xoAenhM:/ 


Fig.  79- — Ignition  Sjntem  of  Packard  Motor  Truck  in 


Apd  Magneto  are  Employed  for  Furnishing  Current. 
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by  referring  to  Fig.  77  A.  The  revolving  brush  of  the  timer  is  turned 
by  the  cam  shaft  which  revolves  at  half  the  engine  speed.  If  the 
switch  lever  is  placed  on  the  storage  battery  contact,  the  current 
from  the  storage  battery  will  flow  through  the  primary  winding  of 
the  induction  coil  only  at  such  times  that  the  circuit  is  closed  by  the 
revolving  brush  member  of  the  timer  coming  in  contact  with  the 
insulated  segment  on  the  timer  case,  and  thus  closing  the  circuit 
so  the  electrical  energy  has  nothing  to  impede  its  passage  from  the 
battery,  through  the  timer  and  primary  winding  back  through  the 
switch  and  return  to  where  it  started  from.  When  the  low  tension 
current  flows  through  the  primary  winding  of  the  induction  coil, 
a  secondary  current  of  high  pressure  is  induced  in  the  secondary 
winding  of  the  transformer  coil,  and  is  led  to  the  spark  plug  where 
it  must  leap  the  air  gap  between  the  electrodes  and  produce  a  spark 
before  it  can  return  to  the  winding  again  through  the  medium  of 
the  metal  of  which  the  engine  is  composed,  which  thus  acts  as  a 
common  ground  for  both  primary  and  secondary  currents. 

Q.     What  is  the  function  of  the  switch? 

A.  The  switch  is  an  easily  controlled  member  that  permits  one 
to  have  an  open  or  closed  circuit  at  will.  In  most  ignition  systems, 
two  switches  are  provided,  one  under  the  direct  control  of  the  operat- 
or rierves  as  a  master  switch,  while  an  auxiliary  member  commonly 
termed  a  "timer"  and  operated  by  the  engine  acts  in  conjunction 
with  it  to  produce  a  closed  circuit  only  at  such  times  that  a  spark  is 
needed  in  the  cylinder.  It  will  be  evident  that  a  closed  circuit  is  ob- 
tained only  when  the  members  of  both  switches  are  in  metallic 
contact.  The  master  switch  in  most  cases  serves  to  couple  either 
source  of  current  to  the  other  appliances  of  the  ignition  system. 
When  the  engine  is  once  in  motion  and  the  timer  is  closing  the  circuit 
automatically,  opening  the  master  switch  will  prevent  the  electrical 
energy  from  flowing,  interrupt  the  spark  in  the  cylinder  and  stop 
the  engine.  The  timer  which  is  outlined  at  Fig.  81  is  thus  a  mechan- 
ically actuated  automatic  switch  that  closes  the  circuit  only  at  such 
times  that  a  spark  is  needed  in  the  cyUnder  to  explode  the  gas. 

Q.     What  is  the  spark  plug? 

A.    As  previously  outlinedf  the  spark  oceui^  m  ^i^i"^  ^'^J\\\A<et^ 
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^hen  a  high  tension  system  is  used)  between  the  electrodes  or  points 
of  a  device  which  carries  theiu  and  which  may  be  easily  screwed 
into  the  combustion  chamber  so  that  when  the  spark  points  are  , 
introduced  into  the  interior  of  the  motor  there  ?s  no  opportunity 
for  the  escape  of  gas. 
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Fig.  81.— Roller  ConUct  Timer  Used  for  Distributing  Current  De- 
rived from  Ford  Magneto  or  Battery  to  Individual  Units  of  Spark 
Coil. 

Q.     How  many  types  of  spark  plugs  are  used? 

A.  Spark  plugs  are  divided  into  two  m^n  types,  the  simple 
form  as  shown  at  A  and  C,  Fig,  82,  and  the  priming  type  as  outlined 
at  B,  Fig.  82,  and  in  illustrations  at  Fig.  83.  The  priming  type  is  a 
combination  form  which  has  a  small  petcock,  or  valve,  through 
which  gasoline  may  be  introduced  into  the  combustion  chamber  to 
facilitate  starting  in  cold  weather  when  it  is  difficult  to  draw  in  a 
proper  charge  of  gas  from  the  carburetor, 

Q.     Describe  important  parts  of  spark  plug. 

A.     Conventional  spark  plugs  are  composed  of  a  steel  or  bcsaik 
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body  having  an  external  thread  at  its  lower  end  which  screws  ml 
the  cylinder  and  an  internal  thread  at  its  upper  end  in  which ti 
gland  or  packing  nut  that  holds  the  insulator  and  insulated  electio^ 
assembly  in  place,   is  strewed.     The  grounded  electrode  i 
forms  part  of  the  plug  body,  while  the  central  electrode  is  invut 
ably  kept  from  metallic  contact  by  means  of  an  insulator  of  ptff-J 
celain,  as  shown  at  Fig.  82-A,  or  combination  mica  and  porce!aiL|¥ 
as  shown  at  Fig.  82-C.    The  electrodes  are  separated  by  an  air  p 


^/ectroe^es    /hrcefom 


Fig.  82. — Views  Detailing  Construction  of  Conventional  Spark  Plnf. 
A — Member  With  Porcelain  Insulator.  B — Heinze  Priming  Ciqi 
Type  Utilizes  Mica  Insulation.  C — Plug  Using  Combinatioii 
Porcelain  and  Mica  Insulation. 

Q.    What  is  the  proper  amount  of  air  gap  between  electrodes? 

A,  The  electrodes  of  plugs  used  with  magneto  ignition  Bystem 
are  usually  separated  about  1-32  of  an  inch,  while  those  of  a  plug 
Jntended  for  battery  and  coil  current  may  be  M^ai&ted  by  an  lir 
^•?  o/ 1-16  inch. 
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Q.  What  is  the  induction  coil? 

A  The  induction  coil  is  a  transformer  of  the  "step-up"  type 
Dich  changes  t^e  direct  current  from  the  batteries,  which  does  not 
iVe  sufficient  pressure  to  overcome  the  resistance  of  the  air  gap 

the  spark  plug,  to  an  alternating  current  having  higher  pressure 
jump  the  air  gap  and  produce  a  spark. 


Z.  93. — ^rp»  oi  Spark  Plugs  That  Permit  Priming  the  Cylinder 
With  Gaaoline  or  Acetylene  Gas  When  Combustion  Chamber  ia 
Not  Provided  With  Compreasion  Pet  Cocks. 

I.     Name  the  principal  parts  of  an  induction  coil. 

.     The  components  entering  into  the  construction  of  a  typical 

tction  coil  are  clearly  indicated  in  diagram  form  at  Fig.  84. 

induction  coil  consists  of  a  core,  primary  and  secondary  wind- 

,  vibrator,  and  condenser. 

L    What  is  the  core  made  of? 

.    Xbe  cOTe  is  composed  of  a  bundle  of  short  pieces  of  soft  iron 

^owlr  bound  together. 
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Q.     What  is  the  primary  winding  composed  of? 

A.     The  primary  winding  is  composed  of  from  two  to  four  n 
or  layers  of  silk  insulated  wire  about  16-18  gauge  such  aa  luedfl 
wind  around  electro-m^nets. 

Q.     What  is  the  vibrator? 

A.     The  vibrator  is  composed  of  a  hammer,  or  armature  n: 
carrying  one  platinum  contact  point  and  a  movable  adjusting  sc 


Fig.  84. — Diagram  Showing  Relation  of  Parts  of  Induction  CoiL 

carrying  another  platinum  contact  point,  the  assembly  forming  ut 
automatic  circuit  breaker.  When  the  current  of  electricity  from  the 
battery  passes  through  the  primary  coil  it  energizes  the  core  whieh 
becomes  a  magnet.  The  core  attracts  the  hammer  of  the  armatuie 
and  breaks  the  contact  between  the  platinum  point  on  the  annatun 
spring  and  that  on  the  adjusting  screw.  As  the  batteiy  current 
must  pass  through  these  points  before  it  reaches  the  primary  wind- 
ing, as  soon  as  the  hammer  is  drawn  toward  the  core  the  cireait 
is  broken,  the  core  ceases  to  become  a  « 
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flies  back  again,  thus  re-establishing  electrical  contact.  It  will  he 
apparent  that  the  circuit  can  be  broken  and  re-established  many 
times  per  second,  and  as  each  interruption  in  current  flow  induces 
an  impulse  in  the  secondary  winding,  the  greater  the  number  of 
vibrations  of  the  armature  the  higher  the  value  of  the  induced 
secondary  current, 

Q.     How  is  the  secondary  winding  made? 

A.  The  secondary  winding  is  composed  of  a  large  number  of 
coils  or  layers  of  very  fine,  thread-like  insulated  wire  carefully  wound 
and  thoroughly  insulated  from  each  other.  The  greater  the  num- 
ber of  turns  of  secondary  wire  in  proportion  to  the  number  of  layers 
of  primary  wire,  and  the  greater  the  relative  difference  between 
the  size  of  primary  and  secondary  wires,  the  higher  the  value  of  the 
induced  secondary  current  in  proportion  to  the  pressure  of  the 
primary  current.  The  voltage  of  the  primary  current  may  be  in- 
creased several  thousand  times  by  properly  proportioning  the  pri- 
mary and  secondary  windings,  and  at  the  same  time  it  will  have  suf- 
ficient heating  value  to  explode  the  gas  as  it  overcomes  the  resist- 
ance of  the  air  gap  between  the  spark  plug  electrodes. 

Q.     What  is  the  condenser  and  how  is  it  made? 

A.  The  condenser  is  a  simple  assembly  introduced  between  the 
adjusting  screw  and  armature  spring  in  such  a  way  that  it  is  in  shunt 
or  parallel  connection  with  the  contact  points.  It  is  composed  of 
two  sets  or  layers  of  tin  foil  insulated  from  each  other  by  layers  of 
wax  paper.  Alternate  sheets  are  joined  together  so  there  is  no  elec- 
trical connection  between  one  set  of  tin  foil  sheets  and  the  other. 
The  function  of  the  condenser  is  to  absorb  any  excess  current  pres- 
ent between  the  platinum  points  that  would  tend  to  produce  a 
spark  as  they  separate.  This  excess  current  is  the  result  of  self- 
induction  of  one  coil  of  the  primary  winding  upon  the  neighboring 
one,  and  would  tend  to  oppose  the  passage  of  the  current  from  the 
battery  if  it  was  not  absorbed  and  stored  in  the  tin  foil  layers  of 
the  condenser.  If  no  condenser  is  provided,  the  spark  between  the 
points  would  pit  them  and  burn  them  to  such  a  degree  that  prompt 
vibrator  action  would  be  prevented  because  oi  \]tife  \xxie,^x\)i\s!L\?3  <^^^ 
metallic  contact  when  the  platinum  points  catn^  \,o%<ei\^^fit.    ^\sNa 
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would  result  in  sluggish  vibrator  action  and  diminish  streng 
secondary  current. 

Q.    Describe  induction  coil  action. 

A.  The  diagram  at  Fig.  85  will  assist  the  reader  in  obti 
knowledge  of  induction  coil  action.  Here  a  solenoid  or  hollo 
of  wire  is  shown  attached  to  a  sensitive  form  of  current  indi 
A  primary  coil,  which  contains  a  core  of  soft  iron  wire,  is  depic 
just  entering  the  solenoid.  The  ends  of  the  primary  windi] 
joined  to  a  simple  battery  composed  of  two  dry  cells.  A  cun 
electricity  is  thus  flowing  through  the  primary  coil  all  the  tim 
the  core  member  is  a  magnet  from  which  magnetic  influx 
radiated.  When  the  primary  coil  assembly  is  first  introduce 
the  solenoid,  the  needle  of  the  current  indicator  will  mov< 
showing  that  another  current  of  electricity,  other  than  that  f 
through  the  primary  coil  from  the  battery,  has  been  induced 
secondary  winding  or  solenoid.  If  the  primary  coil  and  core  as£ 
is  allowed  to  remain  inside  of  the  solenoid,  the  current  in( 
needle  comes  to  rest,  showing  that  there  is  no  current  indu 
the  solenoid.  If  the  primary  coil  be  withdrawn  from  the  h 
of  the  secondary  winding,  another  movement  of  the  current : 
tor  needle  in  the  opposite  direction  to  that  which  it  moves  wl 
primary  coil  was  introduced  will  show  that  another  impulse 
duced  current  has  been  produced  by  withdrawing  the  prima 
assembly.  If  the  primary  coil  could  be  thrust  in  and  out  of  t 
ondary  coil  sufficiently  fast,  practically  a  continuous  flow  of 
nating  current  would  be  induced  in  the  solenoid. 

The  induced  current  is  produced  by  magnetic  influence  fr< 
core,  and  obviously  if  the  primary  coil  was  allowed  to  remain 
secondary  coil  and  the  electric  current  from  the  battery  inter 
and  the  flow  re-established  often  enough,  we  would  hg-ve  pra( 
the  same  effect  as  though  the  primary  coil  was  thrust  in  and 
the  secondary  coil  a  number  of  times  corresponding  to  the  i 
and  breaking  of  the  primary  circuit  at  the  batteries.  It  will 
parent  that  the  induction  coil  assembly  outlined  at  Fig.  84  i 
tically  the  same  as  that  shown  at  Fig.  85,  except  that  the  p 
coil  is  a  £xed  member  inside  of  the  secondaiy  ^^^dixi^^xwl  tb 
ifer  of  current  interruptions  througli  tYie  prvrnM^  ^cHi  \%  < 
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)f  a  very  rapid  automatic  magnetic  circuit  breaker  or 
e  action  of  which  has  been  previously  considered, 
xibe  timer  construction. 

uaual  form  of  timer  as  outlined  at  Fig.  81  is  composed 
sulatiug  ring  which  carries  a  number  of  metal  contac;ts 
Jt  of  electrical  connection  with  each  other  and  with  the 
of  the  timer.  The  rotary  contact  member  revolves  in 
of  the  insulating  fiber  ring  and  makes  contact  with  the 
it  revolves.    Each  segment  communicates  with  one  of 


an  induction  coil  and  the  number  of  segments  and  ter- 
.  is  determined  by  the  number  of  cylinders  to  be  fired, 
shown  is  adapted  for  a  four  cylinder  motor. 
tt  is  the  difference  between  a  single  cylinder  engine 
Mie  for  multiple  cylinder  ignition? 
difference  ia  only  in  the  number  of  insulated  contacts. 
fajtei^ed  for  the  multiple  cylinder  engine  having  the 
iber.  A  one  cylinder  timer  has  but  one  insulated  contact 
d-pfie  external  primary  terminal.     As  ttxe  iMsi&et  *&. 
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cylinders  increase  additional  ccntacts  are    provided,  one  for 
added  cylinder. 

Q.     Are  timers  used  only  with  primary  current? 

A.     Timers  may  be  used  in  connection  with  either  primary 
secondary  current,  though  when  used  for  distributing  the 
tension  current,  they  are  termed  "secondary  distributors." 

Q.    What  is  the  difference  between  a  primary  timer  and 
secondary  distributor? 

A.     In  a  primary  timer  the  revolving  contact  element  is  grot 
or  attached  directly  to  the  metal  parts  of  the  engine.    In  a 
ary  distributor  the  revolving  brush  or  contact  member  is  well 
sulated  from  the  engine  and  is  coupled  directly  to  the  source 
current  or  secondary  winding  of  the  induction  coil.     Special  can 
must  be  taken  to  insulate  the  terminals  and  contacts  of  a  high  ten- 
sion distributor  on  account  of  the  ease  with  which  the  high  voltagB, 
current  overcomes  resistances  that  would  effectively  bar  the  profr 
Tess  of  the  low  tension  current.    Usually  a  secondary  distributor  in- 
cludes a  primary  timing  arrangement  as  well  when  used  in  conne^ 
tton  with  a  battery  ignition  system. 

Q.     How  are  contacts  in  timers  and  distributors  spaced? 

A.  In  a  timer  intended  for  a  two  cylinder  motor  the  contacts 
Ore  spaced  according  to  the  arrangement  of  the  cranks  on  the  crank- 
shaft. If  the  motor  is  a  double  opposed  form  or  a  two  cylinder  ve^ 
tical  type  with  both  connecting  rods  attached  to  a  common  crank  pin,  - 
the  contacts  are  separated  by  180  degrees  or  are  spaced  on  halyes 
of  the  circle.  If  the  engine  is  a  two  cylinder  vertical  or  V  type,  * 
the  contacts  are  not  evenly  divided  but  are  separated  by  spaces  of 
270  and  90  degrees  respectively.  The  contacts  of  a  three  cylinder 
timer  are  spaced  on  thirds  of  the  circle  or  120  degrees  apart.  Those 
of  a  four  cylinder  timer  are  separated  by  a  space  of  90  degrees  and 
are  spaced  on  quarters  of  the  circle.  (See  Fig.  81.)  For  a  six  cylin- 
der engine  the  contacts  are  spaced  on  sixths  of  the  circle,  which 
means  that  they  are  60  degrees  apart. 

.  I 

Q.    What  is  the  difference  between  primary  and  secondaiy 
tvjre  and  why  are  they  different? 

A,     Primary  wire  carries  current  ol  \ow  No\\.«i!B&  >i5aaSt  &»«&  xiA . 
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short  circuit  easily,  so  the  insulation  is  not  nearly  as  heavy  as  that 
on  the  secondary  or  high  tension  current  conductors.  A  primary 
wire  is  insulated  with  but  one  layer  of  rubber;  whereas  a  secondary 
wire  has  several  of  insulating  compound.  A  number  of  wires  are 
shown  at  Fig.  86.  Those  at  A,  -B,  and  C  are  heavily  insulated  con- 
ductors used  to  convey  high  tension  energy,  while  the  wires  with 
the  lighter  insulation,  as  shown  at  D  and  E,  are  suitable  for  primary 
circuits.  A  number  of  primary  leads  are  sometimes  joined  together 
and  though  separately  insulated,  are  run  through  a  common  conduit, 
or  insulating  tube,  as  shown  at  F.  When  used  in  this  manner  the 
inner  insulation  of  the  different  wires  is  usually  of  different  colors 
so  they  may  be  easily  recognized  when  making  connections. 

Q.     How  is  electricity  measured? 

A.  The  strength,  quantity,  potential  and  other  characteristics 
of  the  electric  current  may  be  readily  determined  by  simple  meters 
provided  with  a  pointer  and  a  calibrated  or  graduated  scale  so  the 
readings  can  be  made  easily. 

Q.     What  is  the  volt? 

A.  The  volt  is  the  unit  of  pressure  and  may  be  taken  as  cor- 
responding to  the  head  or  pressure  of  water. 

Q.     What  is  the  ampere? 

A.  The  ampere  is  the  unit  of  current  quantity  and  corresponds 
to  the  amount  of  electricity  flowing  through  a  circuit.  A  current 
may  have  a  large  amperage,  which  means  that  a  large  volume  is 
flowing,  and  yet  it  may  have  low  pressure  or  voltage.  The  reverse 
condition  may  also  obtain  and  a  current  of  high  voltage  may  not 
have  much  amperage. 

Q.    What  is  the  watt? 

A.  The  watt  is  the  unit  indicating  the  amount  of  electricity  or 
the  value  of  the  current  flow.  A  current  of  one  ampere  flowing  at 
a  potential  or  pressure  of  one  volt  has  a  value  of  one  watt.  There 
are  746  watts  to  the  electrical  horse-power.  In  all  cases  the  amount 
of  current  consumed  by  any  piece  of  electrical  apparatus  is  indi- 
cated in  watts,  which  is  always  the  product  oi  ttie  nwxriViet  ol  ^cK^^x^'e* 
ol  current  times  the  potential  or  voltage. 
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Q.     What  is  the  ohm? 

A.  The  ohm  is  the  unit  by  which  the  resistance  anything  d 
to  the  passage  of  the  electric  current  is  measured.  To  ovai 
one  ohm  of  resistance  it  will  take  a  current  of  one  ampere  at  a]^ 
sure  of  one  volt. 

Q.     How  are  dry  batteries  m^easured? 

A.     Dry  batteries  are  measured  as  shown  at  Fig.  87  by  n 
a  simple  device  which  measures  the  amperage  or  current  o 
and  which  is  called  an  "ammeter."     A  standard  6"x2?-^"  dryd 
in  good  condition  should  indicate  a  current  strength  of  from  % 
25  ampere?.     The  voltage  of  a  dry  cell  varies  from  1.25  to  1.5  Y 


Q.     How  is  the  current  strength  of  storage  batteries  deter- 
fcoined? 

A.  Storage  batteries  are  measured  with  a  voltmeter,  which  il 
an  instrument  similar  in  construction  to  an  ammeter  witii  tin 
exception  that  it  is  designed  to  register  the  pressure  instead  of  tho 
quantity  of  the  electric  current  flowing  through  it.  A  rangte  cdl  a( 
a  storage  battery  is  supposed  to  test  2.2  volts  when  fully  chugB^ 
which  means  that  a  2  cell  battery  will  indicate  4.4  volts  wh3a  k 
S  cell  battery  shows  6.6  volts.  Tbe  ordinBrj  ^otm.  c&  \mfttery  tert- 
ing  ammeter  Bhould  never  be  used  in.teBfc«ift&etot»;B6>»»iBrs.W 
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cause  its  construction  is  such  that  it  will  practically  short  circuit 
the  battery  and  it  may  produce  buckling  of  the  plates  owing  to  the 
rapid  discharge  of  the  stored  energy. 

Q.     How  can  current  consumption  of  induction  coil  be  found? 

A.  The  method  of 
using  a  simple  current 
indicator  to  show  the 
amount  of  electricity 
used  by  an  induction 
coil  is  clearly  outlined 
at  Fig.  88.  The  instru- 
ment shown  is  a  low 
reading  ammeter,  and  is 
80  arranged  that  the 
terminal  end  may  be 
inserted  between  the 
switch  button  and  switch 
lever,  while  the  coil  ia  in 
operation.  -The  amount 
of  current  drawn  by 
each  unit  can  be  easily 
determined  b  y  testing 
out  but  one  unit  at  a 
time.  This  can  be  easily 
done  by  raising  the  con- 
tact screws  of  the  vibra- 
tors so  that  they  do  not 
touch  the  contact  on  the 
vibrator  blade,  except 
on  the  unit  that  b  to  be 
tested.  The  engine  is  then  cranked  over  by  hand  and  the  amount 
of  current  consumed  by  the  coil  vibrator  will  be  clearly  indicated 
as  soon  as  contact  is  established  at  the  timer.  The  ordinary  indue* 
tion  coil  unit  consumes  from  .5  to  1  ampere,  and  if  the  current  con- 
sumption is  greater  than  this,  the  tension  of  the  vibrator  spring 
should  be  lessened  so  that  less  current  will  be  necessary  to  energize 
the  primary  winding. 


Pig.   87.— Method      of      Testing      Current 
Strength  of  Dry  Cell  With  Ammeter. 


LESSON  NINE 

CURRENT  PRODUCERS:  BATTERIES,  DYNAMOS  A 

MAGNETOS 

Q.    What  is  the  simplest  method  of  producing  electricit] 

A.  The  simplest  method  of  producing  electricity  is  by  th 
of  a  primary  or  secondary  battery  which  generates  electrical  e 
by  the  chemical  combustion  of  one  of  the  elements  or  plates  ( 
battery. 

Q.    What  is  the  cheapest  method  of  producing  electricit 

A.  Electricity  may  be  produced  at  lower  cost  by  maj 
machmes  which  change  mechanical  power  into  electricity. 

Q.    How  many  classes  of  batteries  are  used? 

A.  Two  general  classes  of  chemical  current  producers  are 
monly  used,  these  being  primary  batteries  and  secondary  bat 

Q.    What  is  a  primary  battery? 

A.  A  primary  battery  is  one  in  which  electricity  is  general 
the  direct  chemical  action  of  the  electrolyte  on  one  of  the 
composing  the  cell.  A  primary  cell  has  positive  and  ne 
elements;  that  attacked  by  the  electrolyte  is  usually  term< 
"negative''  plate  and  is  made  of  zinc,  either  in  the  form  of  £ 
or  a  rod.  The  positive  element  is  of  some  substance  that 
affected  by  the  electrolyte  and  which  serves  as  a  collecting  m 
for  the  electricity  gei^erated.  In  a  primary  battery  electri 
produced  at  the  expense  of  decomposition  of  the  zinc  plate  a 
terioration  of  the  electrolyte.  When  a  primary  battery  is  exh 
or  no  longer  capable  of  producing  electricity,  it  must  be  prac 
rebuilt  in  order  to  extend  its  life.  New  electrolyte  and  mm 
be  added  to  replace  that  used  before  the  cell  will  give  anj 
^/ectrleity. 
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at  is  a  secondary  battery? 

secondary  battery,  commonly  called  the  "storage  bat- 
merica  and  the  "accumulator"  in  Europe,  is  a  form  of 
irrent  producer  in  which  the  elements  can  be  restored  to 
jr  condition  when  exhausted  by  passing  a  current  of 
through  the  battery  in  a  direction  opposite  to  that  of 
flow  normally  given  out  by  the  battery.  As  a  battery  of 
an  only  produce  electricity  after  it  has  been  energized 

by  a  current  from  some  extraneous  source,  such  as  a 
ttery  or  mechanical  generator,  it  is  called  a  "second- 


hitUning  Method  of  Determining  Current  Consumption  of 
jiduction  CcmI  by  Using  I^w  Reading  Ammeter. 

It  is  a  dry  battery  ? 

y  battery  is  the  form  of  primary  cell  in  which  the  liquid 
IS  repl.aced  by  some  form  of  jelly  or  other  substance  to 
fiqoid  so  it  cannot  splash  out  while  the  automobile  is  in 


Bribe  conatruction  of  typical  dry  cell, 
iAmoHoiUil  view  of  the  conventional  ioim.  c&  ^  c^''\& 
**^  iH    T&e  container  or  eheU  is  maide  o\  vau&  v^ 
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Pig.  89— Sectional  View  of  Typical  American  Dry  Coll 

serves  as  the  negative  element,  while  a  stick  of  carbon  placed 
center  of  the  zinc  shell  and  kept  from  contact  with  the  metal 
as  a  positive  element.  The  electrolyte  or  exciting  material 
Borbed  by  blotting  paper,  several  layers  ol  v(\iift\i  «ce  ckwely 
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around  the  inside  of  the  zinc  shell.  This  places  the  electrolyte 
directly  in  contact  with  the  metal  it  acts  on.  The  carbon  rod  is 
surrounded  by  a  depolarizing  material  which  keeps  the  cell  active 
for  longer  periods  than  if  the  electrolyte  alone  was  used. 

During  the  action  of  the  cell,  or  whenever  the  zinc  and  carbon 
terminals  are  joined  together  to  form  a  closed  circuit,  the  chemical 
action  of  the  electrolyte  on  the  zinc  liberates  hydrogen  gas  which 
would  clog  or  retard  the  action  of  the  cell  if  allowed  to  accumulate 
on  the  carbon  plate.  The  depolarizing  medium  is  some  chemical 
rich  in  oxygen,  and  its  purpose  is  to  liberate  oxygen  gas  while  the 
cell  is  in  operation,  which  combines  with  the  hydrogen  in  proper 


Fig.  90. — Methods  of  Joining  Dry  Cells  for  Ignition  Service.  A — Four 
Cells  in  Series  Connection.  B — Twelve  Cells  in  Multiple  Scries 
Connection. 

proportions  to  form  water.  The  water  thus  formed  is  of  distinct 
value,  inasmuch  as  it  keeps  all  parts  of  the  cell  moist  and  lowers 
the  internal  resistance.  The  top  of  the  cell  is  sealed  with  a  thick 
layer  of  pitch  to  prevent  escape  of  the  gases  and  to  retain  the  ele- 
ments of  which  the  cell  is  composed  in  the  zinc  shell  as  well  as  to 
keep  the  elements  separated. 

Q.     How  are  dry  cells  used? 

A.     Dry  cells  are  generally  employed  in  sets,  so  that  batte.t\e.% 
having  different  values,  as  regards  current  pies^^vn^  ox  o;v^ax^^^^'^  > 
^e  produced    Tbey  may  be  wired  togetVieT  m  ^eiT\e^,  Vsi  tclx^^a^^^ 
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or  in  series-multiple  connection.    The  latter  method  is  tha 
ally  used. 

Q.     Describe  series  connection. 

A.  The  method  of  connecting  dry  cells  in  series  is  clea 
lined  at  Fig.  90- A.  When  joined  in  this  manner  the  negal 
minal  of  one  cell  is  always  joined  to  the  positive  or  opposite 
al  of  the  neighboring  one.  For  instance,  the  zinc  of  oni 
always  connected  to  the  carbon  of  the  next  member.  Wt 
Me  joined  this  way,  a  battery  is  produced  which  has  a  voltaj 
to  that  of  one  cell  times  the  number  of  cells  joined  together, 
amperage  of  only  one  cell. 

Q.     Describe  multiple  connection. 

A.  Cells  are  connected  together  in  multiple  only  when  a 
of  heavy  amperage  and  low  voltage  is  desired.  This  method : 
joining  all  the  terminals  of  like  polarity  together.  For  i 
all  the  zinc  terminal  screws  would  be  joined  together  by  o 
while  all  the  carbon  terminals  would  be  joined  by  another  coi 
A  battery  composed  of  cells  in  multiple  connection  would  ( 
current  having  a  voltage  equal  to  that  of  one  cell,  but  a 
strength  or  amperage  equal  to  that  of  one  cell  times  the 
of  cells  in  the  battery. 

Q.     Describe  series  multiple  connection. 

A.  The  system  employed  in  joining  dry  cells  in  series  : 
connection  is  clearly  outlined  at  Fig.  90-B.  Here  three  set 
cells  each  which  are  coupled  in  series  are  joined  together 
tiple.  By  this  method  of  connection,  which  is  that  geners 
where  the  batteries  are  employed  for  ignition  or  lighting,  one 
the  voltage  of  any  one  of  the  series  combinations  and  the  a 
of  the  three  sets  of  cells.  With  a  dry  battery,  having  twc 
coupled  in  the  manner  indicated,  one  will  obtain  a  curren: 
a  pressure  of  six  volts  and  a  quantity  of  sixty  amperes. 

Q.  What  precaution  is  necessary  when  connecting  d 
together? 

A.    Care  should  be  taken  that  the  cells  are  well  insulat 
eacA  other,  and  if  carried  in  a  metal  box,  «\3i\.«JcAfe'^T^^«Mtta!i 
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be  taken  to  insure  against  the  battery  containers  coming  in  contact 
with  the  sides  of  the  box.  The  terminals  on  the  binding  posts  should 
be  screwed  down  tightly  in  order  to  avoid  loose  connections,  and  the 
cells  should  be  packed  in  such  a  way  that  they  cannot  shake  loose 
when  in  service  and  break  or  loosen  the  connecting  wires  by  vibra- 
tion. Care  should  be  taken  when  connecting  cells  in  series  that  only 
terminals  of  unlike  polarity  be  joined  together  and  that  the  terminals 
of  the  same  cell  are.  never  connected  together  in  any  way. 

Q.     What  are  the  advantages  of  the  dry  cell? 

A.  The  dry  cell  is  simple,  compact,  economical  and  easily  in- 
stalled. 

Q.     What  are  the  disadvantages  of  the  dry  cell? 

A.  The  main  disadvantages  of  a  dry  cell  battery  are  that  it  is 
unsuitable  for  any  except  the  lightest  kind  of  intermittent  service 
and  that  its  capacity  lessens  as  it  is  used.  When  the  cells  have 
deteriorated  to  a  certain  point,  they  must  be  thrown  away  and  re- 
placed by  new  ones. 

Q.     What  is  the  standard  size  of  dry  cells? 

A.  The  standard  size  of  dry  cell  used  for  ignition  purposes  is 
6  inches  by  2 J/^  inches  and  the  cells  are  cylindrical  in  form.  A  larger 
size  is  sometimes  used  for  stationary  engine  ignition  that  is  about 
334  inches  in  diameter  and  8  inches  high. 

Q.     What  is  the  effect  of  size  on  battery  capacity? 

A.  The  greater  the  area  pf  the  plates  or  elements  of  the  battery 
the  higher  its  amperage  or  current  output  will  be.  The  voltage, 
however,  remains  constant  for  cells  composed  of  the  same  material 
regardless  of  size.  For  example,  a  dry  battery  no  larger  than  a 
thimble  having  zinc  and  carbon  elements  and  the  conventional 
alkaline  excitant,  will  have  a  pressure  of  1.5  volts  between  the  ter- 
minals, which  is  also  true  of  a  dry  cell  the  size  of  a  barrel.  The  am- 
perage of  the  larger  member  would  be  directly  proportional  to  the 
amount  of  surface  of  the  zinc  shell  acted  on  by  the  electrolyte  com- 
pared with  that  of  the  smaller  member. 

Q.     What  is  a  storage  battery? 

A.  A  storage  battery  such  as  outlined  at  Fig.  91  is  composed  of 
three  secondary  cells  joined  together  and  carried  in  a  common 
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Fig.  91^-5ectioiial  View  of  Geiszler  Storage  Battery  for  Xgidtlon  Ser- 


cont^ner  jar  of  hard  vulcanized  rubber  so  they  form  a  three  cell 
combination  that  will  deliver  a  current  of  about  6  volts  and  60 
amperes.  A  battery  of  this  form  is  capable  of  being  recharged  vbeo 
exhausted,  as  previously  described. 
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Q.     Name  the  principal  parts  of  a  typical  storage  battery. 

A.  The  various  units  of  which  the  storage  battery  is  composed  are 
clearly  outlined  at  Fig.  92.  The  main  container  is  separated  into 
three  compartments  by  partitions  moulded  integral  with  the  jar 
and  which  divide  the  main  container  into  three  distinct  parts. 
The  plate  assembly  is  composed  of  either  four  or  five  plates  made  of 
lead  alloy  grids  filled  with  variou3  lead  oxides.  The  plates  are  sep- 
arated from  each  other  by  thin  sheets  of  hard  rubber,  perforated 
with  many  holes  for  the  passage  of  the  electrolyte  and  a  ribbed 
wooden  separator  is  interposed  between  each  pair  of  plates.  When 
a  five  plate  assembly  is  used,  three  of  these  are  positive  or  collect- 
ing members,  and  two  are  negative  or  generating  members.  A  five 
plate  assembly  has  greater  capacity  than  a  four  plate  form,  because 
both  sides  of  the  negative  elements  are  exposed  to  the  correspond- 
ing faces  of  positive  plates. 

The  plate  assembly  becomes  a  unit  because  the  various  members 
are  joined  together  by  a  bus  bar  of  lead  burned  to  the  lugs  project- 
ing from  the  plates  by  means  of  the  hydrogen  flame.  The  top  of 
the  individual  compartments  are  then  closed  with  hard  rubber  cell 
covers  in  which  vents  to  permit  of  the  escape  of  the  gases  without 
danger  of  losing  the  liquid  electrolyte  from  splashing  are  screwed. 
The  three  cells  are  then  covered  by  one  large  cover  which  has  a 
soft  rubber  gasket  interposed  between  the  jar  and  cover  as  a  pack- 
ing. Other  forms  of  storage  batteries  have  a  compound  of  pitch, 
rosin,  and  other  elements  directly  over  the  cell  covers  to  effectively 
seal  the  elements  in  their  respective  compartments.  The  disad- 
vantage of  this  method  is  that  it  is  difficult  to  remove  the  plate 
assembly  for  repairs  or  cleaning,  whereas  the  separate  cover,  which 
is  held  in  place  by  numerous  small  screws,  can  be  readily  removed 
when  it  is  necessary  to  gain  access  to  the  interior  of  the  battery, 

Q.     What  determines  the  capacity  of  a  storage  battery? 

A.  The  capacity  of  a  storage  battery  depends  upon  the  size  and 
nature  of  the  plates  used  in  each  cell  and  their  number  as  well  as 
the  number  of  cells  joined  together  to  form  a  battery.  Batteries 
ordinarily  used  for  ignition  purposes  are  either  of  the  6  volt,  60 
ampere,  or  6  volt,  80  ampere  type.    Those  used  for  lighting  service 
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Fig.  92, — Parts  of  Tjrpical  Storage  Battery  Used  for  Ignition  Pn 

have  larger  plates  and  are  more  substantial  in  construction  ; 
usually  r&ted  at  6  volts,  100  ampetea  and  6  -voWa,  YKJ  «XQVt 
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it  is  meant  by  "discharge  rate"? 
)rage  battery  is  designed  so  that  it  will  deliver  a  certain 
amperes  over  a  ^ven  period  of  time.  For  instance,  if 
ire  light,  the  discharge  of  from  3  to  5  amperes  should 
cceeded.  This  means  that  a  6  volt  60  ampere  hour 
ttery  would  be  able  to  discharge  3  amperes  for  20  hours 
38  for  12  hours  before  it  would  need  recharging.  The 
teries  have  much  heavier  plates  and  are  constructed  to 
■  discharge  rates.  In  using  a  storage  battery,  it  is  im- 
t  to  exceed  the  safe  discbarge  rate  ^ven  by  the  manu- 

:  would  be  the 
!  safe  discharge 
Mrtly  exceeded? 
Teutwas  drawn 
«ry  faster  than 
e  rate  the  bat- 
will  be  injured 
icble  and  this 
I  loosening  the 
jrial   from  the 
aueea  accumu- 
sediment  or 
the  bottom  of 
s  vhich  might 
;  the  battery. 
'  are  storage  batteries  treated  when  exhausted? 
a  storage  batteries  are  exhausted  they  can  only  be  re- 
liver  more  current  by  passing  electrical  energy  through 
KHne  external  source. 

r  «re  storage  batteries  charged  from  direct  current? 
9  are  two  methods  of  charging  storage  batteries  from 
ig  eireinta,  one  of  which  is  outhned  at  Fig.  93,  the  other 
i.    A  Btmage  bstteiy  should  not  be  ct8is,eA  \kiq  i«fc 
oade  to  rash  the  reformiixg  ol  \.1[ie  v^*^**^"^ 
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Fig.  93. — ^Diagram  Outlining  Method  of 
Charging  Storage  Battery  From  Direct 
Current,  Using  Lamp  Resistance. 
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passing  large  quaatities  of  current  through  the  cells,  this  will  j 
fully  as  disastrous  as  discharging  the  battery  too  rapidly.  The 
ufacturers  of  various  batteries  recommend  a  certain  normal  c 
ing  rate,  as  well  as  a  disehaxge  rate. 

A  battery  must  a  ways  be  charged  longer  than  it8  rated  c^ 
would  indicate.  For  instance,  if  a  charing  rate  of  5  ampere 
recommended  and  a  battery  of  60  ampere  hour  capacity  n 
be  restored  to  activity,  it  would  take  about  15  or  16  hours  to  c 
it  instead  of  the  12  hours  one  might  think  necessary  if  the 


al 


capacity  was  divided  by  the  charging  rate.  Storage  batteri 
be  charged  directly  from  110  volt  or  220  volt  direct  current  li 
circuits  by  simply  using  a  bank  of  lamps  in  series  with  the  1 
as  indicated  at  Fig.  93  or  a  rheostat  as  shown  at  Fig.  93-A  b 
late  the  number  of  ampores  flowing  into  the  battery.  Then 
of  lamps  is  employed,  either  16,  32  or  64  candle  power  bulbs  i 
utilized.  A  16  candle  power  carbon  filament  lamp  consumeE 
.5  of  an  ampere  when  used  on  110  volt  circuit.  If  it  ib  des 
pass  3  amperes  of  current  through  the  battery  one  can  use 
candle  power  lajopa  in  multiple  or  ihiee  31  cafi.&«  -^craes-,  at 
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and  one  32  candle  power  bulb.    When  a  rheostat  is  used  an  ammeter 
is  interjx)sed  in  the  circuit  in  order  to  determine  the  amount  of  cur-, 
rent  flowing  through  the  battery.    The  amperage  can  be  regulated 
by  varying  the  position  of  the  rheostat  control  handle  so  that  more 
or  less  resistance  is  interposed  in  the  circuit. 

Q.  How  are  storage  batteries  charged  from  alternating  cur- 
rent? 

A.  Storage  batteries  can  be  charged  from  alternating  current 
only  by  using  some  form  of  rectifier  in  order  that  the  alternating 
impulses  will  be  made  to  flow  through  the  battery  in  only  one  direc- 
tion. These  may  be  of  the  mercury  bulb  or  electrolytic  form,  both 
types  having  been  used  with  success. 

Q.     What  is  the  electrolyte  of  the  storage  battery? 

A.  The  electrolyte  or  exciting  liquid  used  in  a  storage  battery 
is  a  dilute  solution  of  sulphuric  acid  and  water,  mixed  to  the  pro- 
portion of  about  ten  parts  water  to  one  part  acid. 

Q.  What  is  its  specific  gravity  when  battery  is  fully  charged^ 
and  how  is  this  determined? 

A.  The  specific  gravity  of  the  electrolyte  forms  a  good  indication 
of  the  condition  of  the  storage  battery.  When  fully  charged,  the 
specific  gravity  should  be  1350  degrees  when  tested  with  the  stand- 
ard form  of  hydrometer,  having  suitable  scale  for  use  with  storage 
battery  electrolyte^ 

Q.  How  does  a  mechanical  generator  of  electricity  produce 
current? 

A.  The  current  of  electricity  obtained  from  a  mechanical  gen- 
erator is  derived  by  passing  a  number  of  loops  of  wire  wound  around 
a  soft  iron  core  between  the  pole  pieces  of  a  powerful  magnet  so 
these  coils  of  wire  cut  the  lines  of  magnetic  force.  This  induces  a 
current  of  electricity  in  them  proportional  to  the  speed  at  which 
they  are  rotated,  the  number  and  size  of  the  coil  loops  and  the 
strength  of  the  magnetic  energizing  field. 

Q.     What  is  the  difference  between  a  dynamo  and  magneto? 

A.  A  dynamo  differs  from  a  magneto  principally  in  the  manner 
of  creating  a  magnetic  field.      In  the  dynamo  electTO-\xi^'^'^\,^  ^x^ 
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tised  to  excite  the  pole  pieces  between  which  the  armature  revoh 
while  in  the  magneto  the  field  magnets  arc  of  the  permanentiy . 
cited  type  without  any  winding, 

Q.     Describe  action  of  typical  dynamo. 

A.  A  typical  dynamo  is  shown  in  section  at  Fig.  94.  The  pi 
cipal  parts  are  the  armature,  which  revolves  between  the  pole  pie« 
and  the  field  magnet  which  surrounds  the  armature.  A  large  nuniE 
of  windings  of  insulated  wire  are  suitably  disposed  on  the  armatB 
core  and  are  connected  to  segments  of  a  collecting  device  termed 
"commutator,"  which  is  mounted  on  the  armature  shaft  so  that 
turns  with  the  armature.  The  shaft  to  which  the  armature  and 
mutator  are  secured  is  mounted  on  ball  bearings  and  is  driven 


a  friction  governor  which  prevents  the  armature  from  being  drivn 
at  excessive  speeds.  The  field  magnets  are  composed  of  a  number 
of  stamped  laminae  of  soft  iron  around  which  are  wound  two  ooill 
of  wire  that  serve  to  magnetize  the  field  when  a  current  of  electri- 
city is  passed  through  them.  As  the  armature  is  revolved  betwecD 
the  pole  pieces,  the  electrical  current  induced  in  the  armature  wini 
ings  is  delivered  to  the  commutator,  from  which  it  is  collected  hj 
brushes  attached  to  terminals  by  which  the  device  is  joined  to  Hbt 
externa!  circuit.  The  entire  assembly  is  housed  in  a  metal  cue  M 
it  is  completely  protected.  , 

Q.     How  many  types  of  magneto  are  used? 
A.      Two  main  forms  of  magneto  are  Aisedioi  wwA^m  «wtV{^jaa 
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purposes.  One  of  these  generates  a  current  of  low  voltage  and  is 
called  a  "low  tension  magneto,"  while  the  other  form  produces 
current  of  high  potential  and  is  called  a  "high  tension  magneto." 

Q.     Describe  action  of  low  tension  device. 

A.  The  low  tension  magneto  has  an  armature  winding  composed 
of  but  one  size  of  wire,  and  before  the  current  will  overcome  the  re- 
sistance of  the  air  gap  at  the  spark  plug  points  it  must  be  transformed 
to  a  higher  voltage  by  means  of  an  induction  coil. 

Q.  How  does  high  tension  magneto  differ  in  construction 
from  low  tension  types? 

A.  There  is  no  marked  difference  in  general  design  of  high  and 
low  tension  magnetos.  The  difference  is  principally  in  the  armature 
winding,  which  is  a  double  form  on  the  high  tension  device.  A  cur- 
rent of  suflSciently  high  potential  is  delivered  directly  from  the  arm- 
ature to  the  spark  plug  in  the  high  tension  system  because  the  two 
windings  give  practically  the  same  effect  as  is  obtained  from  the 
ordinary  form  of  induction  coil. 

Q.  What  are  the  advantages  of  the  true  high  tension  prin- 
ciple? 

A.  The  high  tension  magneto  has  advantages  that  are  readily 
perceived.  Owing  to  the  elimination  of  the  induction  coil  and  its 
auxiliary  wiring  it  is  a  self  contained  device  that  is  practically  a 
complete  ignition  system  in  itself,  needing  only  spark  plugs  in  the 
.cylinders  and  short  wires  connecting  them  to  the  distributor  of  the 
magneto  to  complete  it. 

Q.    Wherein  is  a  dynamo  superior  to  a  magneto? 

A.  A  dynamo  is  superior  to  a  magneto  in  all  cases  where  cur- 
rents of  large  amperage  and  constant  value  are  needed,  as  in  charg- 
ing storage  batteries  or  supplying  current  for  electric  lights  and 
electric  self-starting  systems. 

Q.     Why  is  a  magneto  better  for  ignition? 

A.     A  magneto  is  superior  for  ignition  because  on  the  efficient 
forms  they  will  produce  a  current  of  sufficient  intensity  to  explode 
the  gas  charge  in  the  cylinders  when  turned  at  very  low  speed. 
The  usual  form  oi  high  tension  magneto  wiW  pioduce  ^\\g\»  ^^^V 
mth  but  a  quarter  turn  of  the  armature,  whicli  make;^  \\)  ^o^^^Mv^  \>^ 


Questions  and  Answers 


Current  Producers  17ft 

start  an  en^ne  equipped  with  a  device  of  this  character  more  easily 
than  would  be  the  case  if  a  dynamo  was  employed.  Owing  to  the 
use  of  permanent  magnets  the  magnetic  field  is  always  present  in 
a  magneto,  whereas  it  has  to  be  built  up  in  a  dynamo  and  only  at- 
tains its  maximmn  value  after  the  armature  has  made  several  hun- 
dred revolutions.  Obviously,  the  magneto  with  its  constant  mag- 
netic field  will  deliver  current  as  soon  as  the  armature  is  rotated 
enough  to  cut  the  lines  of  magnetic  influence  between  the  pole 
pieces. 

Q.     Name  principal  parts  of  high  tension  magneto. 

A.  The  principal  parts  of  a  high  tension  magneto  are  clearly  in- 
dicated at  Fig.  95.  The  magnetic  field  is  produced  by  two  pairs 
of  permanent  magnets  of  the  horse  shoe  form  between  the  pole 
pieces  of  which  the  armature  assembly  revolves.  The  armature 
shaft  is  supported  by  ball  bearings  in  order  that  it  will  turn  with 
minimmn  friction.  A  condenser  is  mounted  in  the  armature  and  re- 
volves with  it  while  a  breaker  box  is  carried  at  one  end  of  the  arma- 
ture shaft.  The  current  generated  in  the  armature  is  collected  by  a 
brush  that  bears  on  an  insulated  ring  carried  by  an  ebonite  insulate 
ing  spool  mounted  on  the  driving  end  of  the  armature  shaft.  From 
the  armature  the  current  is  delivered  to  the  high  tension  distributor. 

Q.  How  is  the  armature  wound  ? 

A.  The  method  of  winding  the  armature  is  clearly  shown  at  Fig. 
95  and  95-A.  Two  difiFerent  sizes  of  wire  are  used,  one  being 
coarser  than  the  other.  The  coarse  wire  is  wound  around  the  arm- 
ature core  to  form  a  primary  winding,  while  the  fine  wire  is  woimd 
over  the  primary  coil  to  form  a  secondary  winding. 

Q.     What  does  the  distributor  do? 

A.  As  is  clearly  shown  at  Fig.  95-A,  the  high  tension  current 
delivered  from  the  secondary  winding  of  the  armature  is  collected 
by  a  carbon  brush  which  conveys  it  to  a  central  distributing  seg- 
ment in  the  distributor  casing.  Four  contacts,  which  are  insulated 
from  each  other  and  the  rest  of  the  magneto,  are  used  on  a  four 
cylinder  magneto  and  it  is  to  these  segments  the  various  wires  that 
run  to  the  spark  plugs  are  joined.  The  distributing  brush  conveys 
the  high  tension  current  from  the  central  portion  of  the  diatributA^ 
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which  revolves  at  one-half  armature  shaft  speed  to  the  varii 
contact  segments  progressively  and  from  these  to  the  plugs  in 
cylinders  in  their  firing  order. 

Q.     What  is  the  function  of  the  breaker  box? 

A.  The  breaker  box  which  is  clearly  shown  at  Fig.  96  makes  and] 
breaks  the  primary  circuit  twice  each  revolution,  and  for  each  ift- 
terruptionin  the  circuit,  which  is  caused  by  the  contact  points  sepantr 
ing  because  of  cam  action,  a  current  of  electricity  is  induced  in  the 
secondary  winding.  This,  in  turn,  produces  a  spark  at  whichever 
plug  happens  to  be  in  connection  with  the  revolving  distributor 


Fig.  95A. — Diagram  Showing  Wiring  of  Bosch  D.  U.  4  Magneta 

brush.     The  breaker  box  may  be  rocked  back  and  forth,  or  osdlr 
lated  to  advance  or  retard  the  time  of  the  spark. 

Q.     Why  is  a  condenser  used? 

A.  A  condenser  is  used  in  a  magneto  for  the  same  reason  that  it 
is  incorporated  in  an  induction  coil  and  that  is  to  absorb  the  ex- 
cess current  that  would  be  apt  to  produce  a  spark  between  the  plat- 
inum points  of  the  contact  breaker  when  they  are  separated. 

Q.     What  is  the  purpose  of  the  spark  gap? 

A.     The  spark  gap  is  a  simple  device  t\i«A.  e«rc«s^\\A&  \ft  the 
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Fig.  97. — Longitudinal  Cross  Section  of  K,  W.  Four-Cylinder  Magneto 
Using  Stationary  Windings  and  Rotary  Inductor  Hember»  In- 
stead of  Revolving  Windings. 

safety  valve  of  a  steam  boiler.  If  currents  of  sufficiently  high  volt- 
age are  produced  by  the  armature  to  burn  out  or  short  circuit  the 
winding  it  can  escape  to  the  ground  by  leaping  across  the  air  gap  <£ 
the  safety  device. 

Q.  What  is  the  difference  between  a  magneto  for  a  single 
cylinder  engine  and  one  intended  for  a  multiple  cylinder  eng^? 
A.  The  construction  of  a  single  cylinder  mf^neto  ia  consider- 
ably simpler  than  that  intended  for  a  multiple  cylinder  engine 
because  the  secondary  distributor  and  its  driving  gears  are  eliminated 
and  the  high  tension  current  is  delivered  directly  from  the  coUectv 
ArasJi  that  bears  on  the  ring  carried  \>y  ttift  «\Mm\«,  fifaec  or  hard 
rubber  spool  on  the  armature  stait.    k.  iti\]i.tiL^'6  <s^\m!4»i  ti 
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will  have  a  distributor  to  which  the  high  tension  current  is  delivered 
which  in  turn  is  commutated  to  the  various  segments  which  de- 
liver the  current  to  the  spark  plug.  The  contact  breaker  of  a  one 
cylinder  magneto  employs  a  sin^e  point  cam,  whereas  that  of  a . 
multiple  cylinder  employe  a  two  point  cam. 

Q.  How  fast  are  magnetos  driven  on  two-  and  four-cycle 
engines? 

A.  The  armature  speeds  are  just  twice  as  fast  as  the  following 
values  for  a  two-cycle  en^ne  having  the  same  number  of  cylinders 
as  the  four-cycle  types  that  follow.  A  single  cylinder  magneto  turns 
at  camshaft  speed,  a  two  cylinder  magneto  will  be  driven  at  either 
camshaft  or  crankshaft  speed  depending  upon  the  arrangement  of 
the  contact  breaker  box  and  whether  or  not  it  is  fitted  with  a -dis- 
tributor.   A  magneto  intended  for  a  three  cylinder  engine  is  driven 


Fig.  98. — Longitudinal  Cross  Section  of  Pittsficld  Magneto,  A.tuitb.«« 
Form  Utinzing  a  Kotating  Inductor  and  S\a&an»r3  Itua.KQ.'n&nt. 
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hree-quarters  the  speed  of  the  crankshaft,  while  a  four  cylinder 
ice  is  driven  at  the  same  speed  as  the  crankshaft.  Owing  to 
greater  frequency  in  explosions  in  a  six  cylinder  motor,  it  is 
)ssary  to  turn  the  magneto  armature  at  1.5  times  the  crankshaft 
id. 

).    How  are  distributor  contacts  spaced? 

L.  The  contact  segments  in  a  secondary  distributor  are  spaced 
,jthe  same  as  those  of  a  primary  timer  when  used  on  the  same 
e  of  engine. 

).  Why  must  magneto  speed  and  distributor  arrangement  be 
nged  for  the  different  number  of  cylinders? 

..  As  the  number  of  cylinders  are  increased  the  number  of  ex- 
lions  needed  each  revolution  of  the  crankshaft  augments 
Dortionately,  so  it  is  necessary  to  drive  the  magneto  faster 
luse  a  spark  is  obtained  but  twice  each  revolution  of  the  mag- 
)  armature.  On  a  four  cylinder  engine,  which  has  two  explo- 
s  per  revolution  of  the  crankshaft,  the  magneto  armature  is 
en  at  the  same  speed  as  the  crankshaft,  because  it  is  capable 
upplying  a  spark  each  half  revolution  of  the  armature.  On  a 
cylinder  engine  where  the  crankshaft  receives  three  power  im- 
168  per  revolution  it  is  necessary  to  drive  the  magneto  at  a  speed 
i  will  enable  it  to  deliver  three  sparks  for  each  revolution  of  the 
dcshaft,  which  means  that  the  magneto  armature  must  turn 
again  as  fast  as  the  motor  shaft.  Obviously,  the  distributor 
tacts  must  be  changed  in  number  on  each  size  of  magneto  be- 
»  one  contact  segment  is  used  for  each  cylinder  to  be  fired. 

K     How  are  magnetos  driven? 

-  Magnetos  of  the  high  tension  type  used  for  ignition  pur- 
SB  are  always  positively  driven  by  chain  or  gear  connections 
I  the  en^ne  crankshaft  or  camshaft. 

K    Why  are  positive  driving  means  essential? 

*  The  magneto  armature  must  be  driven  positively  because 
eunrent  generation  must  be  timed  to  occur  at  the  proper  time 
igpitioa  in  the  engine  cylinders  and  this  makes  it  imperative 
r  the  dnve  be  by  some  non-yielding  positive  meaaa  m  at^'Kt  \»^ 
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insure  that  the  ignition  spark  will  always  occur  at  the  same  time 
relative  to  the  piston  position  or  at  top  center  in  the  cylinder  about 
to  be  fired. 

Q.     How  are  dynamos  driven? 

A.  Dynamos  may  be  driven  by  direct  gearing,  if  desired,  though 
this  is  not  necessary  because  this  instrmnent  delivers  a  low  tension 
current  that  must  be  used  in  connection  with  suitable  timing  and 
intensifying  means  that  are  auxiliaries  to  the  dynamo.  A  dynamo 
can  be  driven  by  flat  or  V  leather  belts  and  in  some  forms  the  armature 
is  rotated  by  contact  of  a  friction  pulley  against  the  engine  flywheel 
periphery. 


3attery  C/iaroet 


J 


Fig.  lOOA. — Outlining  Method  of  "Floating  Battery  on  Line"  Generally 
Used  When  Current  From  Dynamo  Type  Generator  is  Employed 
for  Ignition,  Electric  Lighting  or  Self-Starter  Service. 

Q.     Describe  a  combination  battery-magneto  ignition  system? 

A.  On  some  forms  of  engines  two  practically  separate  ignition 
systems  are  provided,  one  being  by  battery,  timer  and  spark 
coil,  while  the  other  system  is  by  magneto,  which  is  another  self- 
contained  system.  When  used  in  the  manner  outlined  at  Fi^.  IQQ^ 
dther  magneto  or  battery  outfit  may  be  utiYvii^d  iox  \\gML\Iv3^  \fvtt- 
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poses.  The  change  from  one  to  the  other  is  easily  accomplishedl 
by  shifting  a  switch  lever.  When  a  system  of  this  kind  is  provided] 
the  battery  group  is  intended  to  be  used  only  for  starting  and 
emergency  service  in  event  of  failure  of  the  mechanical  generator. 
The  magneto  is  used  regularly  in  order  to  conserve  the  battery 
energy.  Combination  systems  of  this  nature  are  seldom  provided 
at  the  present  time  because  the  improvements  made  in  magneto 
design  and  construction  have  practically  eliminated  all  liability  of 
trouble  at  this  point.  Many  cars  made  in  previous  years  are  fitted 
with  combination  systems  so  it  is  well  for  the  reader  to  become 
familiar  with  the  arrangement  of  the  parts  and  their  functions. 

Q.     What  is  meant  by  "floating  the  battery  on  the  line"? 

A.     A  storage  battery  is  said  to  be  "floated  on  the  line"  whea 
it  is  used  in  connection  with  a  dynamo  which  keeps  it  always  fulfy 
charged  as  outlined  at  Fig.  100-A.     The  dynamo  current  is  first 
directed  to  an  automatic  cut-out  arrangement  and  from  thence  to 
the  storage  battery,  the  cut-out  being  used  to  interrupt  the  circuit 
when  the  dynamo  is  not  generating  energy  in  order  to  prevent  the 
storage  battery  from  discharging  back  through  the  dynamo  and 
converting  that  into  a  motor.     The  current  for  ignition  is  taken 
from  the  storage  battery  instead  of  from  the  dynamo  so  that  a  ccfOr 
stant  delivery  of  current  is  obtained  regardless  of  fluctuations  in 
engine  speeds  and  the  changing  amounts  of  current  delivered  from 
the  battery  charger  because  of  these  variations  in  rotative  speed  of 
the  dynamo  armature.     When  utilized  in  this  manner  a  storage 
battery  gives  very  good  service,  because  it  is  always  kept  fully 
charged  by  the  dynamo  and  is  operating  at  maximum  efiScieni^. 
This  system  can  be  applied  to  great  advantage  in  connection  with 
electric  car  lighting  and  engine  starting  systems. 


LESSON  TEN 

LOW  TENSION  IGNITION  SYSTEMS 

Q.     Name  principal  parts  of  low  tension  ignition  system. 

A.  A  low  tension  ignition  system  consists  essentially  of  the 
current  generator  usually  of  the  magneto  form  and  a  series  of  make-* 
and-break  contact  plates  attached  to  the  cylinder  wall  ia  such  a 
way  that  a  pair  of  contact  points  extend  through  into  the  combustion 
chamber. 

Q.     How  is  the  spark  produced  in  the  cylinder? 

A.  The  spark  is  produced  in  the  cylinder  by  the  separation  of 
the  contact  points  at  the  instant  of  maximum  current  generation 
in  the  magneto  armature. 

Q.     How  is  the  spark  timed? 

A.  The  make-and-break  igniter  plates  are  operated  by  a  cam- 
shaft, as  outlined  at  Fig.  101,  and  the  points  of  the  igniter  plate  are 
only  separated  by  the  mechanism  at  the  time  a  spark  is  desired  in 
the  combustion  chamber.  The  spark  time  is  thus  controlled  by  the 
position  of  the  operating  cam  which  is  usually  so  timed  in  relation 
to  the  crankshaft  travel  that  it  will  separate  the  igniter  points  in 
the  cylinder  about  to  fire  at  just  the  proper  time. 

Q.  Is  battery  current  strong  enough  to  produce  low  tension 
spark? 

A.  Battery  current  can  be  utilized  in  producing  a  low  tension 
spark  though  more  energy  is  required  than  would  be  needed  by  h 
high  tension  ignition  system.  The  battery  current  must  be  inten- 
sified to  some  extent  by  means  of  a  "kick-coil"  which  increases  the 
current  value  at  the  time  contact  is  broken  in  the  engine  cylinder. 
Dry  cells  are  not  suitable  for  use  on  low  tension  igniter  plates  un- 
less these  have  been  designed  especially  for  use  with  battery  current. 
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}  battery  is  more  suitable  because  it  will  m^ntain  a  Btead- 
}f  current  and  is  not  exhausted  so  soon  as  primary  cells, 
'  if  the  igniter  plate  construction  is  based  on  the  use  of 
current  supplied  by  a  magneto.  An  igniter  plate  intended 
)lely  with  batteries  is  devised  in  such  a  way  that  contact  is 
sd  and  broken  between  the  points  of  the  igniter  plate  only 
spark  is  neces- 


will  soon  become  exhausted  if  employed  for  regular 
ffviee. 

3w  is  spark  coil  made,  and  what  is  the  difference  be- 
w  tensicKi  "kick  coil"  and  induction  coil  used  in  high 
ystems? 

e  kick  coil  consists  of  a  core  of  soft  iron  wire  around  which 
d  eight  or  ten  windings  of  coarse  magnet  wire  No.  16  or 
Unlike  the  induction  coil  the  "kick  coil"  has  only  one 
E  coarse  wire  and  does  not  employ  a  vibrator  or  condenser, 
h  mmpler  than  the  induction  coil,  because  the  secondary 
ihe  condenser  and  the  vibrator  parts  are  eliminated.  It 
etJ  la  eeeiea  with  the  battery  current,  \.  e.  \?fi&  v'^^'^'*"^ 
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wire  which  leads  to  the  bus  bar  or  to  the  insulated  terminals 
igniter  plate  is  connected  to  one  of  the  terminals  of  the  coil 
winding  of  the  coil  really  forms  an  extension  of  the  conductor 
ing  to  the  igniter  plates.  The  other  battery  terminal  is  com 
to  the  ground  through  a  simple  form  of  switch. 

Q.     Describe  construction  of  igniter  plate. 

A.  A  typical  igniter  plate  which  has  been  used  successfu 
many  Locomobile  cars  is  shown  at  Fig.  102.  The  view  at  1  i 
the  exterior  of  the  plate  which  is  approximately  triangular  in 
and  which  has  three  projecting  lugs  by  which  it  is  bolted  1 
combustion  chamber.  The  interior  view  is  shown  at  2,  this  sh< 
the  movable  hammer  member,  which  is  rocked  by  the  s 
lever  extending  to  the  tappet  rod  operated  by  the  camshaft, 
combination  of  hammer  and  operating  lever  forms  a  bell- 
provided  with  a  suitable  journal  in  the  igniter  plate  so  the  ha 
member  can  rock  back  and  forth  and  establish  contact  with  th€ 
insulated  member  which  is  called  the  "anvil"  and  which  is  s 
detached  from  the  igniter  plate  at  3,  The  hammer  is  pro 
with  a  platinum  contact  point  which  normally  rests  against  t 
ilar  contact  member  on  the  stationary  anvil. 

The  wire  conveying  current  from  the  magneto  or  battery  is  a1 
ed  to  the  fixed  terminal  or  anvil  insulated  from  the  main  bodj 
tion  of  the  igniter  plate.  The  plate  shown  is  provided  with  a 
joint,  so  that  it  makes  a  gas  tight  connection  when  insertec 
the  opening  made  to  receive  it  in  the  combustion  chamber 

The  method  of  operation  of  the  igniter  plate  is  clearly  ou 
at  Fig.  103- A.  As  will  be  seen  the  cam  lifts  the  roller  on  the  t 
rod  plunger  and  establishes  the  circuit  which  is  broken  as  so 
the  roller  rides  off  of  the  point  of  the  cam  and  the  contact  i 
at  the  gniter  plate  are  separated.  ^ 

In  the  diagram  at  Fig.  103-B  the  various  parts  of  the  i[ 
plate  operating  mechsuiism  are  clearly  outlined.  The  main  ci 
conveyer  or  bus  bar  1  is  brought  into  electrical  connection  wit 
insulated  terminal  6  and  the  anvil  carried  in  plate  S  by  me; 
the  switch  lever  2.  The  groimded  hammer  member  4  is  op€ 
by  the  external  lever  5  which  establishes  contact  between  the 
ber  /  and  the  anvil  6  when  it  is  raised  by  \.\ve  toA.  9  ^\a^  «; 
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its  pressure  through  the  medium  of  the  spring  8  as  the  roll  carrying 
plunger  11  is  raised  by  the  cam  member  in  the  guide  bushing  10. 
When  the  roller  carrier  11  drops  off  the  point  of  the  cam,  the  rod  9 
is  pulled  down  and  the  hammer  4  is  separated  from  the  anvil  6 
by  means  of  the  nut  7  at  the  end  of  the  rod  9.  The  spark  time  is 
advanced  and  retarded  by  sliding  the  igniter  operating  camshaft 
along  so  that  the  roller  on  the  member  11  is  raised  sooner  or  later 
depending  upon  its  position  with  reference  to  the  inclined  cam  point. 

Q.  Is  coil  needed  with  magneto  on  low  tension  ignition  sys- 
tem? 

A.     As  the  magneto  armature  may  be  wound  with  sufficient 
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wire  to  produce  a  hot  energetic  spark  a  current  of  suflSciei 
sity  may  be  produced  directly  from  the  mechanical  genera 
out  the  use  of  a  "kick-coil"  such  as  necessary  with  a  bati 

Q.     Must  magneto  be  timed? 

A.  The  armature  of  the  magneto  must  be  timed  with 
definite  relation  to  the  crankshaft  of  the  motor  because  tl 
points  separate  in  the  combustion  chamber  only  when  the 
armature  has  attained  that  portion  of  a  revolution  where  tt 
generation  in  the  armature  winding  is  at  its  maximiun  val 
means  that  the  magneto  must  be  driven  by  positive  means 
engine  crankshaft,  and  on  a  four  cylinder  engine  the  magi 
ature  rims  at  crankshaft  speed  just  as  in  the  high  tensi( 

Q.    What  are  the  advantages  of  this  system? 

A.  It  is  claimed  that  the  low  tension  system  of  igniti 
affected  by  water  as  is  the  high  tension  form  with  expog 
plugs  and  that  it  will  produce  a  hotter  spark  than  will 
tension  system.  It  is  widely  used  in  marine  and  stationai 
lations  but  i^  seldom  employed  at  the  present  time  on.m 
tended  as  automobile  power  plants. 


LESSON  ELEVEN 
HIGH  TENSION  IGNITION  SYSTEMS 

Q.  How  many  types  of  high  tension  ignition  systems  are 
used? 

A.  Two  main  forms  of  high  tension  systems  are  used,  those  in 
which  the  current  is  generated  by  a  magneto  and  the  others  which 
use  chemical  current  producers  to  generate  the  electrical  energy 
which  must  be  intensified  by  means  of  transformer  coil  before  it 
can  be  directed  to  the  plugs. 

Q.  Describe  action  of  simple  induction  coil,  timer,  and  bat- 
tery system  for  single  cylinder  engines. 

A.  The  arrangement  of  the  parts  of  a  simple,  high  tension 
ignition  system  has  been  previously  considered  and  is  clearly  out- 
lined at  Fig.  77-A.  The  current  is  supplied  by  means  of  a  storage 
battery  or  a  six  cell  dry  battery,  as  desired.  The  positive  terminal 
of  the  dry  battery  group  and  that  of  the  storage  battery  are  joined 
together  and  are  connected  with  the  ground  which  may  be  any 
point  on  the  metal  frame  of  the  engine.  The  wire  from  the  zinc 
terminal  of  the  dry  battery  group  goes  to  one  side  of  a  two  point 
switch  while  the  negative  terminal  of  the  storage  battery  is  con- 
nected to  the  other  side  of  the  switch.  Either  the  dry  or  storage  bat- 
tery may  be  brought  in  circuit  with  the  induction  coil  and  timer 
by  moving  the  switch  lever  to  one  side  or  the  other. 

The  timer  is  a  simple  form  having  one  insulated  contact  segment 
which,  is  connected  to  one  of  the  primary  terminals  of  the  coil. 
The  other  primary  terminal  of  the  coil  is  connected  to  the  switch 
lever  while  the  secondary  coil  terminal  is  connected  to  the  insulated 
terminal  of  the  spark  plug  by  means  of  a  well  insulated  high  ten- 
sion cable.  As  the  crankshaft  of  the  engine  revolves,  it  turns  the 
revolving  contact  member  of  the  timer  and  wYien  \>\i^  \^a\,o\iLX^^R>wj^ 
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the  proper  position  in  the  combustion  chamber  the  roll  oi 
volving  timer  member  makes  a  contact  with  the  insulated 
carried  by  the  timer  case.  Assuming  that  the  switch  lev 
the  storage  battery  contact  button,  the  current  will  flow : 
positive  terminal  of  the  storage  battery  to  the  ground  o 
gine  base  and  from  thence  through  the  medium  of  the  me 
of  the  engine  to  the  revolving  timer  brush,  which  is  in 
contact  with  the  engine  camshaft,  and  which,  therefore,  1 
the  current  through  the  insulated  segment  to  the  primal 
nal  of  the  spark  coil,  because  of  the  connection  or  wir( 
these  two  parts. 

When  the  current  passes  through  the  primary  winding  c 
it  produces  a  secondary  current  in  the  high  tension  windi 
been  previously  explained  and  passes  out  of  the  coil  bos 
the  primary  terminal  which  is  joined  to  the  switch  lever 
that  point  back  to  the  stprage  battery  through  the  swi 
and  the  wire  connecting  the  battery  with  the  switch.  A 
the  engine  revolves  a  contact  will  be  established  at  the  tir 
two  revolutions  of  the  crankshaft  and  a  current  will  flow 
batteries  through  the  primary  winding  of  the  coil  and  bad 
the  battery.  Each  time  a  primary  circuit  is  establish^ 
timer  a  spark  will  be  produced  at  the  spark  plug  points 
gas  compressed  in  the  combustion  chamber  by  piston  w 
ploded. 

Q.     Outline  action  of  induction  coil»  timer,  and  batter 
for  four  cylinder  engine. 

A.  The  action  of  the  four  cylinder  ignition  system  o\ 
Fig.  100  is  exactly  the  same  as  that  previously  described, 
of  a  single  unit  coil  a  spark  coil  assembly  having  four  unite 
each  cylinder,  is  employed  and  a  timer  is  used  that  has  f< 
ated  contact  segments,  one  for  each  cylinder  of  the  engine 
timer  contact  revolves  it  makes  an  electrical  connection 
various  insulated  segments  in  turn  so  that  the  various 
windings  are  energized  when  a  spark  is  desired  in  the  cyli 
IS  to  be  Gred,  depending  upon  the  firing  order.  In  the  groi 
At  Fig.  100,  a  spark  takes  place  first  mcy\\ndet^oA,>Jfi«sii\ 
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No.  2,  followed  by  a  spaxk  in  cylinder  No.  4  and  lastly  one  in  cyl- 
inder No.  3. 

Q.     Describe  action  of  distributor  system. 

A.  It  is  not  necessary  to  use  a  separate  unit  for  each  cylinder 
to  be  fired  as  single  induction  coil  may  be  used  for  any  number  of 
cylinders,  if  a  combined  primary  timer  and  secondary  distributor 
is  employed.  A  distributor  system  for  a  six  cylinder  engine  is  clearly 
shown  at  Fig.  104.  The  batteries  are  connected  to  the  switch 
which  is  mounted  on  the  face  of  the  spark  coil  in  the  customary 
manner  and  the  connection  between  the  switch  lever  and  the  primary 
winding  is  made  in  the  regular  way,  only  that  the  wire  does  not 
show  because  the  connect  on  is  made  inside  of  the  coil  box.  The 
primary  timer  is  just  the  same  as  the  form  used  in  all  battery  igni- 
tion systems  except  that  the  six  insulated  primary  contact  segments 
are  joined  together  by  a  metal  band  outside  of  the  body  and  a  single 
wire  leads  from  these  to  the  primary  terminal  at  the  top  of  the  coil, 
which  is  exactly  the  same  type  as  used  on  a  single  cylinder  engine. 

The  secondary  terminal  of  the  coil  is  connected  to  the  rotating 
distributing  brush  carried  at  the  upper  portion  of  the  distributor. 
This  secondary  brush  establishes  contact  with  the  various  terminals, 
which  are  joined  to  the  spark  plugs  in  the  cylinders.  The  wires  are 
arranged  in  such  a  manner  that  the  spark  plugs  are  brought  into 
action  progressively  as  the  firing  order  dictates.  The  primaiy  timer 
portion  establishes  six  contacts  every  revolution  and  all  of  these 
energize  the  one  primary  winding.  The  distributor  brush  is  depend- 
ed on  to  do  the  timing  and  to  convey  the  high  tension  ciurent  from 
the  spark  coil  to  the  plug  where  the  spark  is  to  occur. 

Q.    What  are  the  advantages  <rf  the  distributor  system? 

A.  When  a  separate  induction  coil  unit  is  used  for  each  cylinder 
it  is  diflScult  to  adjust  the  vibrators  on  all  of  the  coil  imits  so  that 
they  will  be  exactly  the  same  in  adjustment  and  it  is  possible  for 
one  or  more  of  the  vibrators  to  lag  behind  the  others,  i.  e.  they  will 
not  start  to  vibrate  as  quickly  as  those  which  may  differ  in  adjust- 
ment and  as  a  result  the  spark  does  not  occur  at  absolutely  the 
same  time  relative  to  the  piston  position  in  all  the  cylinders.  When 
a  single  ooil  is  used  on  a  multiple  cylinder  engine  but  qtl<^  n^x^X^^x 
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is  provided  and  its  adjustment  is  the  same  for  all  cylinders.  As  the 
one  vibrator  is  depended  on  it  will  be  kept  in  constant  motion  and 
less  primary  current  will  be  needed  to  energize  the  primary  wind- 
ings. 

A  properly  installed  secondary  distributor  is  the  simplest  method 
of  obtaining  synchronized  ignition  with  battery  and  coil  system. 
The  use  of  a  single  coil  greatly  simplifies  the  system,  especially  on 
four  and  six  cylinder  engines  where  the  multiple  unit  coil  is  large 
and  occupies  considerable  room.  The  electrical  wiring  is  simplified 
and  the  Uability  of  trouble  owing  to  short  circuited  wires,  loose  con- 
nections, etc.,  reduced  because  less  w  re  is  needed 

Q.     What  is  the  "master  vibrator  system"? 

A.  A  master  vibrator  system  is  similar  to  the  conventional 
multiple  imit  coil  ignition  method,  the  only  exception  being  that 
a  specially  constructed  vibrator  is  used  for  all  four  units  of  the 
coil.  It  is  wired  in  circuit  with  the  various  coil  units  and  operates 
regardless  of  which  contact  is  made  at  the  primary  timer.  With  a 
master  vibrator  the  advantage  offered  by  the  distributor  system  ol 
only  having  one  vibrator  for  any  number  of  cylinders  is  obtained, 
but  the  wiring  is  not  simplified  and  practically  all  the  parts  used 
in  the  conventional  multiple  unit  coil  system  are  used  with  the 
addition  of  the  master  vibrator.  A  master  vibrator  coil  will  consume 
more  current  than  the  regular  multiple  vibrator  coil  or  a  single 
coil  used  with  a  distributor. 

Q.     Describe  simple  true  high  tension  magneto  system. 

A.  The  essential  parts  of  a  high  tension  magneto  ignition  system 
are  outlined  in  diagram  form  at  Fig.  95-A  and  it  will  be  seen  that 
the  wiring  is  very  simple  and  not  liable  to  give  trouble.  In  this 
diagram  the  armature  is  shown  in  part  section  so  that  the  various 
components  and  the  methods  of  connecting  them  together  can  be 
readily  ascertained.  When  the  device  is  actually  in  use  there  are 
but  five  external  wires.  Four  of  those  are  heavily  insulated  and 
extend  from  the  terminals  on  the  magneto  distributor  to  the  spark 
plugs  in  the  cylinder.  The  remaining  wire  is  joined  to  the  ground 
and  can  be  interrupted  when  desired  by  a  switch.  Unlike  a  battery 
ignition  system,  the  ground  wire  circuit  is  completeid  ^\\^w  \^>  \^ 
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desired  to  interrupt  the  magneto  action  and  the  switch  is  ope 
when  the  m^neto  is  to  supply  current. 

The  internal  wiring  is  not  difficult  to  follow.     One  end  of 
primary  winding  is  attached  to  the  condenser  case  while  the  other 
is  joined  to  the  ground.     The  same  wire  that  joins  the  condennr 
to  the  primary  coil  is  attached  to  one  of  the  leads  of  the  secondnj 
winding.     The  other  end  of  the  secondary  winding  goes  tothew^ 


F^.  105.- 


lector  ring  carried  by  the  insulating  spool  on  the  magneto  annip 
ture  shaft  and  from  thence  the  current  is  collected  by  a  carbon 
brush  and  delivered  to  the  revolving  portion  of  the  secondary 
distributor.  The  primary  wire  attached  to  the  condenser  can  »■ 
tends  through  and  is  in  electrical  connection  with  the  JnitnlTrt*'* 
contRct  point  in  the  contact  breaker.    T\ie  ^A\«!t  wio\»(A\!ot«''» 
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grounded.  The  condenser,  casing  is  made  in  two  parts,  one  of  these 
being  in  metallic  contact  with  the  ground  while  the  other  which  is 
insulated  from  it  serves  to  convey  the  primary  current  to  the  breaker 
box. 

As  the  armature  revolves,  the  contact  breaker  points  separate 
when  the  bell  crank  is  rocked  by  the  actuating  cam  rolls  and  each 
time  that  this  break  occurs,  this  being  timed  so  that  it  is  simul- 
taneous with  the  position  of  maximum  current  generation  of  the 
armature,  a  spark  takes  place  at  whichever  spark  plug  the  distrib- 
utor arm  (which  is  also  timed  in  relation  to  armature  travel)  happens 
to  deliver  the  current  to.  As  will  be  evident  the  true  high  tension 
magneto  system  is  very  simple  when  compared  to  battery  and  coil 
ignition  systems  that  do  not  give  as  hot  a  spark  and  that  are  not 
nearly  as  reliable. 

Q.     Outline  transformer  coil  magneto  system. 

A.  The  wiring  arrangement  of  a  transformer  coil  ignition  sys-* 
tem  using  magneto  current  is  clearly  shown  at  Fig.  105,  the  various 
parts  being  separated  in  order  to  make  the  action  clear.  As  is  true 
of  the  simpler  high  tension  system  the  spark  plugs  are  connected 
to  terminals  on  a  distributor  and  the  high  tension  current  is  de- 
livered to  the  central  revolving  member  of  the  magneto  distrib- 
utor. Instead  of  the  derived  current  being  taken  directly  from  the 
magneto  armature  it  is  passed  through  the  primary  winding  of  an 
induction  coil  which  is  similar  in  action  and  construction  to  the  form 
used  with  batteries  except  that  it  has  no  vibrator.  One  end  of  the 
primary  winding  is  grounded  while  the  other  goes  to  the  magneto 
terminal  of  the  switch  and  from  thence  through  the  magneto  arma- 
ture from  which  it  flows  back  again  to  the  ground  through  the  med- 
ium o  the  magneto  contact  breaker. 

When  the  armature  is  in  the  position  of  maximum  current  gener- 
ation, the  platinum  points  of  the  contact  breaker  are  separated 
by  the  cam  and  the  primary  current  must  rush  through  the  primary 
winding  of  the  coil  before  it  reaches  the  ground  instead  of  having 
a  short  circuit  to  the  ground  through  the  contact  points  of  the  con- 
tact breaker,  as  is  possible  when  these  are  together.  The  rush  of 
current  through  the  primary  winding  induces  a  secondary  current 
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Fig.  106. — Diagram  Showing  Wiring  of  Remy  Magneto   Syste 
Two  Cylinder  Motor. 

in  the  winding  of  fine  wire  having  sufficient  voltage  to  ov 
the  air  gap  between  the  points  of  the  spark  plug. 

If  the  switch  lever  is  turned  from  the  position  indicated 
in  contact  with  buttons  No.  2  and  B,  the  battery  current 
set  of  dry  cells  is  used  to  energize  the  primary  winding,  the  i 
breaker  of  the  magneto  serving  to  interrupt  the  battery  curr< 
the  distributor  serving  the  same  purpose  whether  the  primary  i 
is  derived  from  the  magneto  armature  winding  or  from  the  I 
The  external  wiring  of  two  systems  of  this  kind  is  outlined  i 
106  and  107.  The  former  is  for  a  two  cylinder  engine,  wh 
at  Fig.  107  is  the  wiring  plan  of  the  same  elements  shown 
JOS. 
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Q.     Is  the  t^ark  coil  always  a  separate  unit? 

A.  The  spark  coil  used  with  a  magneto-transformer  system  is 
always  a  separate  unit  from  the  armature  winding  but  it  is  some- 
times incorporated  as  part  of  the  m^neto,  being  carried  under  the' 
arch  of  the  magneto  as  in  the  Connecticut  device  or  at  the  rear 
end  of  the  magneto  as  in  the  Pittsfield  construction. 

Q.  Describe  action  of  double  ignition  system  using  one  set 
of  plugs. 

A.  Sometimes  when  two  distinct  ignition  means  are  fitted  and 
the  magneto  distributor  and  contact  breaker  are  the  timing  parts  ol 
each  system  it  is  possible  to  utilize  but  one  set  of  spiu'k  plugs  instead 
of  the  two  sets  which  are  necessary  in  double  ignition  systems  (4 
the  form  outlined  at  Fig.  100.  The  diagram  of  the  wiring  of  a  double 
ignition  system  using  one  set  of  plugs  is  clem'ly  outlined  at  Figa. 
108  and  109.    The  arrangement  is  always  such  that  either  a  separata 


Pig.  107.r-^iaRaiii  of  Wiring  of  Splitdorf  Low  Tension  Transformer 
Coil  System  for  Four  Cylinder  Ignition. 
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battery  contact  maker  is  incorporated  as  an  awdliary  to  the  usual 
form  of  magneto  contact  breaker  or  the  magneto  contact  breaker 
itself  serves  to  interrupt  the  primary  current  from  the  battery  as  well 
as  that  from  the  armature  winding.  In  the  system  shown  at  Fig. 
109  the  battery  contact  maker  is  carried  at  the  lower  portion  of 


the  magneto  breaker  box.  The  induction  coil  b  combined  with  a 
switch  and  is  a  form  that  can  be  easily  secured  to  the  dash  of  the 
car.  The  greater  portion  of  the  coil  box  extends  through  the  dash 
and  the  connections  as  they  are  made  can  be  clearly  followed  by 
reference  to  the  diagram. 

Q.     What  is  the  "Unisparker"  system? 

A.  This  is  a  secondary  distributor  system  in  which  a  non-vibrat- 
or cral  is  employed  in  connection  with  a  form  of  timer  having  plat- 
inum points  that  establishes  instantaneous  contact  and  sends  just 
one  impulse  through  the  primary  winding  of  the  induction  coil 
instead  of  a  series  of  impulses  as  produced  by  the  ordinary  roller 
contact  timer  and  vibrator.    It  is  contended  that  the  oofi  voi^N^sn 
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will  generate  a  strong  enough  spark  to  explode  any  charge  of  gas 
the  cylinder  may  contain  and  that  the  short  contact  is  very  econ- 
omical of  battery  energy  because  it  does  not  require  as  long  a  per- 
iod of  discharge  as  do  the  roller  contact  forms  of  timers,  and  there 
is  a  greater  period  of  time  between  the  battery  discharges  to  permit 
the  cells  to  recuperate,  which  is  an  important  factor  when  primary 
current  generators  of  the  dry  cell  type  are  employed.  Tliis  system 
is  not  as  extensively  used  at  the  present  time  as  it  has  been  in  the 
past  owing  to  rapid  strides  made  by  the  magneto  in  popular  favor. 


Fig.  110. — Two-Point  Ignition  Systei 
Q.    What  is  two-point  ignition? 


for  One-Cylinder  Engine. 


Two-point  ignition  ^sterns  are  those  in  which  two  sparks 
are  made  to  occur  simultaneously  at  separate  points  in  the  combus- 
tion chamber.  A  typical  two-point  ignition  system  intended  for 
a  one  cylinder  engine  is  clearly  outlined  at  Fig.  110.  As  will  be 
seen  one  spark  plug  is  carried  over  each  valve  of  a  T  head  engine 
^JJuder.     The  coil  used  has  two  secondary  terminals  instead  of 
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having  one  of  the  secondary  leads  grounded  as  is  common  practice. 
One  secondary  terminal  goes  to  the  insulated  terminal  of  one  spark 
plug  while  the  other  is  joined  in  a  similar  manner  to  the  other  member. 
The  primary  winding  is  just  the  same  as  employed  for  the  usual' 
form  of  induction  coil.  Every  time  the  contact  is  established  at 
the  timer  and  the  spark  coil  brought  into  action  the  secondary  cur- 
rent is  forced  to  leap  two  gaps  instead  of  one  and  a  spark  ia  produced 
at  each  plug  at  practically  the  same  instant. 

Q.     What  are  the  advantages  of  this  method? 

A.  On  engines  of  the 
T  head  form  which  have 
large  combustion  cham- 
bers it  is  claimed  that 
the  two  point  ignition 
system  will  result  in 
more  energetic  ignition 
because  combustion  is 
more  rapid  due  to  the 
compressed  charge  hav- 
ing been  fired  at  two 
different  points.  The 
advantages  of  this  sys- 
tem are  not  apparent  at 
iow  or  moderate  engine 
speeds  but  at  high  speeds  Fig.  lll.~Double 
it  IS  claimed  that  a  20% 


Distributor      Magneto, 


Utilized  for  Two-Point  Ignition  System. 
increase  of  power  is  obtained  over  the  single  spark  ignition  system, 

Q.     What  special  apparatus  is  needed  for  two  point  ignition? 

A.  Either  the  spark  coil  or  the  spark  plugs  must  differ  from  con- 
ventional construction  in  order  to  obtain  two  point  ignition.  If 
spark  plugs  of  the  conventional  type  are  used  as  shown  at  Fig.  110 
the  induction  coil  must  have  two  secondary  terminals  for  each  unit 
and  the  secondary  current  cannot  be  grounded,  as  is  the  conven- 
tional practice.  If  the  regular  form  of  spark  coil  is  used  having  a 
grounded  secondary  terminal  it  is  necessary  to  employ  a  special 
form  of  spark  plug  in  connection  with  one  of  a  regular  pattern  in. 
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each  cylinder.  A  special  two-point  plug  having  two  insulated 
trodes  passing  through  the  insulating  member  must  be  used  insteadi 
of  the  conventional  pattern  and  this  is  introduced  in  the  secondaij! 
circuit  so  that  it  is  in  series  with  the  spark  plug  of  the  regular  ^\ 
tern  used  in  conjunction  with  it.  The  spark  must  jump  the  gap  it i 
the  two  point  plug  before  it  can  reach  the  gap  between  the  de^ 
trodes  of  the  regular  pattern  plug. 

Q.  Can  two  point  ig- 
nition be  obtained  wha 
magnetos  are  used? 

A.  A  special  form  d 
magneto  is  necessai; 
to  obtain  two -point 
ignition  and  use  mag- 
neto current.  A  device 
of  this  kind  is  illustrated 
at  Fig.  Ill  and  it  dif- 
fers from  the  convenr 
tional  construction,  in- 
asmuch as  it  has  two 
secondary  distributors 
and  practically  two  sep- 
arate windings  on  the 
magneto  armature  if 
it  is  a  true  high  ten- 
sion type.  If  used  in 
connection  with  atrans- 
former  coil    sjrstem  a 


Fig.  112.— Showing  Utility  of  Insulated  Ter- 
minal to  Test  Current  Flow  to  Spark 
Plugs. 


four  terminal  coi  will  be  needed  instead  of  the  usual  form  and  each 
of  the  secondary  leads  connected  to  its  respective  distributor.  One 
contact  breaker  serves  both  distributors  on  either  the  true  high 
tension  or  transformer  coil  forms. 

Q.     How  can  current  flow  to  plugs  be  tested  with  magneto 
system? 

A.     The  current  delivery  to  the  ignition  plugs  can  be  easily  as- 
certained  when  a  magneto  is  used  by  aii\ivs\3XaX^\KrDD£aiA«a^^ 
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at  Fig.  U2.  When  it  is  suspected  that  a  plug  is  not  firing 
ible  to  remove  the  terminal  from  the  plug  without  danger 
oal  shock  and  then  by  holding  the  terminal  away  from  the 
trode  an  eighth  of  an  inch  it  is  possible  to  see  the  current 
>  wr  gap  and  thus  determine  if  the  electricity  reaches  the 
ig.  If  a  sp^k  jumps  between  the  terminals  and  the  plugs 
cylinder  does  not  fire  it  s  reasonable  to  assume  that  the 
irty  and  that  the  trouble  is  not  with  the  magneto.  If  no 
nps  between  the  terminal  and  the  plug  it  indicates  either 
or  grounded  wire  or  a  defective  contact  at  the  distributor. 


-EUdc  View  of  Typical  Light  Four-Cylinder  Engine  Showing 
tct  Installation  of  Generator,  Spark  Coil  and  Timer-Dis- 
ff  Dacd  in  Furnishing  the  Ignition  Spark.  Note  Simple  and 
8ccoadU7  Wiring. 


LESSON  TWELVE 

METHODS  OF  LUBRICATING  THE  AUTOMOBILE 

POWER  PLANT 

Q.     What  is  lubrication? 

A.  Lubrication  consists  of  interposing  between  two  surfaoa] 
that  have  relatively  great  friction,  a  cushioning  and  almost  frictkA*] 
less  medium  that  will  separate  these  surfaces  and  enable  the  pi^rti! 
to  move  with  expenditure  of  less  power. 

Q.     Why  is  lubrication  necessary? 

A.  If  the  moving  parts  of  machines  which  work  on  or  by  each 
other  and  which  are  in  frictional  contact  were  not  separated  hj  a 
film  of  lubricating  oil  or  grease  the  metallic  contact  would  resah 
in  abrading  the  surfaces  and  producing  rapid  depreciation.  In 
some  parts  enough  friction  might  exist  to  cause  the  pieces  in  con- 
tact to  become  so  hot  that  they  would  seize  together.  This  would 
be  very  liable  to  occur  in  high  speed  bearings  or  in  bearings  sub" 
jected  to  heavy  pressure. 

Q.     What  is  friction? 

A.  Friction  is  the  retarding  force  that  tends  to  prevent  move- 
ment of  all  mechanism  which  is  in  motion.  The  friction  may  re- 
sult from  internal  or  external  forces  and  it  is  exerted  in  such  a  way  ! 
as  to  bring  all  moving  parts  to  rest.  Friction  is  generally  caused' 
by  the  interlocking  of  minute  projecting  particles  which  estenA 
from  the  surfaces  of  all  substances  regardless  of  their  nature  or  the 
accuracy  of  surface  finish.  Friction  is  greater  between  soft  mater- 
ials than  it  is  between  hard  substances  and  the  rougher  the  sur- 
faces in  contact  the  greater  will  be  the  amoimt  of  friction  between 
them.  It  requires  power  to  overcome  friction  in  all  cases  and  the 
greater  the  amount  of  friction  present  the  more  power  is  needed 
^o  overcome  it, 
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Q.     Should  friction  be  eliminated  in  all  parts  of  automobiles? 

A.  Some  parts  of  motor  cars  perform  work  where  friction  is 
necessary  to  enable  them  to  function  properly  while  other  parts 
will  work  more  efficiently  as  the  amoimt  of  frict^ion  is  reduced.  For 
instance,  it  is  necessary  to  have  friction  between  the  parts  of  the 
clutch  used  to  transmit  power  from  the  engine  to  the  gearset  and  it 
is  necessary  to  have  friction  between  the  brakes  and  the  brake 
drums  when  these  members  are  applied  to  stop  motion  of  the  car. 
If  there  was  no  friction  between  the  tires  of  the  driving  wheels  or 
traction  members  and  the  ground  it  would  be  impossible  for  the 
power  plant  to  propel  the  car.  At  the  other  hand  if  there  was  too 
much  friction  at  the  bearing  points  of  the  motor,  gearset,  power 
transmission  parts  and  wheels,  it  would  be  practically  impossible 
to  propel  the  car  without  using  large  quantities  of  power.  It  is 
important  that  friction  be  eliminated  or  reduced  to  as  low  a  point 
as  possible  at  all  bearing  points  in  order  to  obtain  efficient  power 
generation  and  transmission.  The  more  friction  there  is  in  clutches 
and  brakes   he  more  efficient  these  members  are. 

Q.     Name  the  principal  lubricants  and  their  derivation. 

A.  The  principal  lubricating  mediums  coinmonly  used  to  sep- 
arate the  parts  of  machinery  in  motion  are  fluid  oils  and  semi- 
fluid and  solid  greases  derived  from  mineral  and  animal  sources. 
Solids,  such  as  graphite,  which  is  a  form  of  amorphous  carbon,  are 
also  used  for  lubricating  purposes. 

Q.     Are  all  lubricants  suitable  for  the  same  parts? 

A.  The  lubricating  mediums  best  adapted  differ  with  the  nature 
of  the  work  the  parts  are  to  perform.  An  oil  that  is  suitable  for 
one  portion  of  the  automobile  mechanism  may  prove  actually  in- 
jurious to  other  parts. 

Q.     Name  the  conditions  where  oil  can  be  used? 

A.  Oils  are  the  only  lubricants  that  can  be  successfully  em- 
ployed in  lubricating  automobile  power  plants.  Oil  is  necessary 
wherever  the  amoimt  of  space  for  the  film  of  lubricant  is  small  or 
where  considerable  heat  is  present. 

Q.     Name  conditions  where  only  greases  can  be  utilized. 

A.     In  certain  parts  of  the  power  transmission  systeia.  ^wrJol  ^^  va. 
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the  differential  gears  and  driving  gearing  at  the  rear  axle  it  is  impenfl^ 
tive  that  only  semi-fluid  greases  be  used,  because  the  rear  con8tnifr|L 
tion  as  ordinarily  built  is  not  oil-tight  and  would  not  retain  fluid! 
ricants.    The  more  viscous  or  heavy  bodied  greases  are  also  net 
in  slidmg  gear  transmissions  and  gear  driving  systems,  because 
would  not  have  sufficient  cushioning  properties  and  would 
be  forced  from  between  the  working  surfaces  of  the  gear 
Greases  reduce  noise  and  wear  where  pressures  are  heavy, 
oils  are  better  adapted  on  rapidly  moving,  close  fitting  parts. 

Q.    What  are  the  best  lubricants  for  automobile  use  and  why? 

A.  Automobile  lubricants  should  be  derived  from  a  crude 
petroleum  base  because  oils  of  this  nature  are  inorganic  and  an 
not  apt  to  decompose  by  exposure  to  the  air  or  by  heat  as  are  the 
organic  lubricants  derived  from  animal  fats  or  vegetable  sources. 

Q.  What  is  the  most  difficult  part  of  the  automobile  to  ofl 
properly? 

A.  The  cylinders  of  the  automobile  power  plant  are  the  most 
difficult  portions  to  lubricate  satisfactorily  on  account  of  the  heat 
generated  and  great  care  is  necessary  in  selecting  oils  for  this  piBP- 
pose. 

Q.     What  kind  of  lubricant  should  be  used  in  the  cylinder? 

A.     Gas  engine  cylinder  oil  should  have  sufficient  body  to  main- 
tain a  positive  film  between  the  piston  and  cylinder  walls  and  yet 
should  not  be  so  heavy  that  it  will  giun  up  the  piston  rings.   It 
should  have  a  high  fire  test  which  means  that  it  should  not  decom- 
pose readily  by  heat  and  it  should  have  a  good  cold  test  in  order 
that  it  will  not  thicken  too  much  at  low  temperatures.    Its  viscos- 
ity should  be  such  that  it  will  flow  readily  through  pipes  and  so  it 
can  be  piunped  without  difficulty  by  the  various  forms  of  gear  and 
plunger  piunps  used  to  circulate  oil.    It  should  be  free  from  acid 
and  should  be  a  pure  mineral  oil  without  adulterants  or  animal  or 
vegetable  fillers.     It  should  be  thoroughly  filtered  to  remove  the 
free  carbon  and  other  impurities  which  would  be  deposited  in  the 
combustion  chamber  when  the  oil  is  vaporiKed  by  the  intense  heat 
o/  the  explosion. 
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Q.     How  can  a  lubricant  be  tested  for  acid? 

A.  A  simple  test  for  acid  in  oil  can  be  made  by  dissolving  a  small 
quantity  of  the  lubricant  in  alcohol  which  may  be  slightly  warmed 
by  immersing  the  test  tube  or  flask  in  which  the  alcohol  is  contained 
in  warm  water.  This  will  facilitate  dissolving  the  lubricant,  espec- 
ially if  heavy  greases  are  tested.  When  the  oil  has  been  dissolved 
the  solution  may  be  tested  with  litmus  paper  which  may  be  pro- 
cured at  any  drug  store.  A  piece  of  blue  litmus  paper  will  turn  red 
when  placed  in  the  solution  if  any  acid  is  present. 

Another  test  which  requires  more  time  but  which  gives  positive 
results  can  be  made  by  soaking  several  strands  of  candle  wicking 
or  waste  in  the  suspected  lubricant  and  then  wrapping  these  aroimd 
a  brightly  polished  steel  shaft,  placing  this  in  the  direct  sunlight  but 
not  exposed  to  the  elements.  If  pronounced  etching  or  rusty  spots 
are  present  under  the  strands  of  oil  soaked  material  on  the  steel 
after  the  shaft  has  been  exposed  a  few  days  it  may  be  inferred  that 
the  oil  contains  acid  and  is  not  suitable  for  use  on  machines. 

Q.     What  is  the  effect  of  acid  in  oil? 

A.  The  presence  of  acid  in  oil  is  not  desired  because  this  will 
produce  rusting  or  etching  of  the  brightly  finished  bearing  surfaces 
and  will  roughen  them  so  they  have  considerable  friction.  Oils 
that  contain  acid  are  much  quicker  to  act  injuriously  when  used  in 
the  cylinder  because  they  are  rapidly  decomposed  by  the  heat 
present  at  that  point.  Obviously,  rusty,  roughened  surfaces  will 
have  more  friction  than  smooth,  bright,  well-polished  ones. 

Q.     What  is  viscosity  and  how  is  it  determined? 

A.  Viscosity  is  a  term  used  in  speaking  of  the  body  of  oils  and 
is  measured  by  allowing  a  given  quantity  of  the  oil  to  be  tested  to 
escape  from  a  container,  a  drop  at  a  time.  When  two  oils  are  com- 
pared for  viscosity  the  one  that  flows  from  the  container  quickest 
is  the  most  fluid,  and  therefore  has  less  viscosity  than  one  of  heavier 
body  which  cannot  flow  as  fast.  In  some  parts  of  automobiles  it 
is  necessary  that  oils  have  considerable  body,  these  points  being 
where  shock  and  heavy  pressures  exist,  as  in  gear  boxes  and  axles. 
Tight  fitting  bearings  that  should  be  free  running  usually  require 
thinner  oils  on  account  of  the  small  space  existing  between  the 
journals  and  the  brasses. 
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Q.    What  is  flash  test  and  how  is  it  made? 

A.     The  flash  test  is  an  indication  of  the  amount  of  heating 
oil  will  stand  before  the  vapors  given  off  will  flash  or  catch 
The  method  of  performing  the  simple  test  is  outlined  at  Fig.  11 
A  quantity  of  the  oil  to  be  tested  is  placed  in  a  porcelain 
which  is  heated  by  a  Bunsen  burner  placed  imder  the  oil  cent 
which  is  carried  on  a  tripod.     A  thermometer  is  placed  in  the 
to  indicate  the  rise  in  temperature  and  when  the  vapors  rising 
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Fig.  113.— Defining   Method   of  Testing   Cylinder   Oil   for   Flashing 

Point. 

the  surface  can  be  flashed  by  a  lighted  wax  taper  the  reading  on  the 
thermometer  will  indicate  the  flash  point.  In  this  connection  it 
will  be  well  to  state  that  the  thermometer  is  a  special  form  which 
will  indicate  temperatures  up  to  650  degrees  F.  The  bulb  should 
be  supported  so  that  it  will  be  kept  from  contact  with  the  sides  or 
bottom  of  the  dish  which  are  somewhat  hotter  than  the  oil  and  which 
would  ^ive  a  false  reading.  The  flashpoint  is  made  chiefly  in  coor 
nection  with  tests  of  cylinder  oils^  audit  \a  desa«3cAa^^  \>DA»&^ufi<^ 


Methods  of  Lubrication 


215 


as  high  a  flashpoint  as  possible  so  that  they  will  not  be  vaporized 
from  the  cylinder  walls  as  soon  as  they  come  in  contact  with  the  hot 
products  of  combustion. 

Q.     How  is  the  fire  test  made? 

A.  The  fire  test  of  the  oil  is  really  a  continuation  of  the  flash 
test  and  is  shown  at  Fig.  114.  The  fire  test  is  the  point  indicated 
by  the  thermometer  where  the  oil  becomes  suflSciently  heated  sc 
not  only  the  vapors  flash  momentarily  but  the  entire  mass  of  oil 
takes  fire. 
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Fig.  114.— Simple  Method  of  Making  Fire  Test  of  Lubricating  Oil. 

Q.     What  is  the  cold  test  and  what  does  it  indicate? 

A.  The  cold  test  is  made  as  indicated  at  Fig.  115  and  is  useful 
in  showing  the  point  at  which  oil  will  coagulate  or  become  so  stiff 
that  it  will  not  flow.  This  is  easily  performed  by  putting  a  flask 
of  lubricant  in  a  freezing  mixture  of  ice  and  salt  and  inserting  a 
thermometer  to  indicate  the  point  at  which  the  oil  becomes  solid- 
ified. An  ordinary  form  of  temperature  indicating  thermometer 
may  be  used  in  making  this  test.    A  suitable  oil  for  winter  use  should 
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not  BtifFen  enough  at  zero  temperature  to  prevent  its  reachi 

bearing  points. 

Q.     Name  simple  ways  to  determine  presence  of  adulti 
A.    The  presence  of  animal  fats  in  greases  can  be  quickly 

mined  by  exposing  a  quantity  of  the  suspected  grease  to  t 
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this  may  be  com 
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Fig.  115. — How  Lubricating  Oils  May  be 
Tested  to  Determine  Temperature  at 
Which  Oil  WiU  Solidify. 

fat  which  will  decompose  liberating  fatty  acid  if  used  in  th( 
der  and  there  is  also  the  danger  of  charring  the  fat  and  augii 
the  proportion  of  carbon  deposits  in  the  combustion  chamb 

Q.    WJiat  are  specifications  of  a  suitable  cylinder  chI? 
A.     The  oils  used  for  cylinder  VubtVcaAAoo.  ft^«»M,  wim 
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distilled  in  a  vacuum  in  order  that  the  light  distillates,  such  as  the 
fuel  oils,  will  be  separated  from  the  crude  petroleum  base  obtained 
from  Pennsylvania  wells  at  low  temperatures  and  then  filtering  the 
oil  through  charcoal  to  remove  free  carbon  and  other  impurities 
it  contains.  The  greater  the  number  of  times  the  oil  is  filtered  the 
lighter  ft  becomes  in  color  and  body.  The  best  cylinder  oils  are 
obtained  in  three  grades:  light,  which  has  a  consistency  slightly 
greater  than  machine  oil;  medium,  which  is  somewhat  heavier  than 
the  light  and  is  an  intermediate  grade  between  that  and  the  heavy 
bodied  oil  which  has  the  consistency  of  warm  molasses.  The  light 
and  medium  oils  are  used  on  power  plants  having  closely  fitting  pis- 
tons and  bearings,  while  the  heavy  lubricants  are  used  in  air  cooled 
engines  and  in  power  plants  that  have  become  worn  to  such  an  ex- 
tent that  the  cushioning  properties  of  the  heavier  bodied  oils  are 
desirable.  Any  pure  hydro-carbon  oil,  having  a  high  degree  of 
viscosity  at  100  degrees  F.,  having  a  vaporizing  point  of  about 
200  degrees  F.,  a  flash  point  between  425  and  500  degrees  F.,  and  a 
fire  test  of  600  degrees  F.  or  over,  will  be  suitable  for  use  in  gas 
engine  cylinders. 

Q.     How  are  the  various  portions  of  an  automobile  lubricated? 

A.  The  power  plant  of  an  automobile  is  usually  lubricated  by 
some  means  that  will  insure  a  continued  supply  of  lubricant  to  the 
interior  parts  of  the  engine  and  that  will  supply  the  oil  in  quantities 
that  will  compensate  for  any  loss  through  vaporizing  or  burning 
in  the  combustion  chamber  or  leakage.  The  change  speed  gear- 
set,  differential  gearing,  universal  joints  and  axle  bearings  are  gen- 
erally packed  with  a  semi-fluid  grease  that  remains  in  place  and  that 
does  not  need  renewing  frequently.  Spring  shackles,  brake  rod 
ends,  and  similar  parts  are  greased  by  compression  grease  cups, 
which  may  be  screwed  up  from  time  to  time  to  inject  more  lubri- 
cant between  the  bearing  surfaces  or  by  means  of  small  oil  cups 
which  demand  periodical  attention  and  filling  from  the  usual  form 
of  hand  oil  can  or  syringe. 

Q.     Describe  simplest  method  of  oiling  gas  engine  parts. 

A.  The  interior  of  gasoline  engines  of  the  closed  base  form  may  be 
oiled  by  putting  in  a  certain  quantity  of  lubricant  in  the  engine  base 
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until  it  rises  to  such  a  height  that  it  will  be  splashed  around  the  in- 
side of  the  motor  by  the  revolving  connecting  rod  lower  end  or  by 
counter  weights  or  enclosed  flywheel.  On  open  base  engines  (never 
used  in  automobiles)  the  main  bearings  are  lubricated  by  compression 
grease  cups  in  many  cases  and  the  connecting  rod  by  oil  from  a 
small  sight  feed  oil  cup  directly  attached  to  the  crank  pin  bearing. 
A  similar  member  of  larger  capacity  serves  to  oil  the  piston  and  cylin- 
der walls.  The  open  base  form  of  motor  is  never  used  in  automobile 
practice  though  it  has  received  wide  application  in  the  stationary 
power  plants  and  is  used  to  some  extent  in  marine  service. 

Q.    What  is  a  sight  feed  lubricator? 

A.  The  gravity  sight  feed  lubricator  is  seldom  used  at  the  pres- 
ent time  in  automobiles.  The  first  sight  feed  devices  included  a 
container  for  the  lubricant  having  glass  walls,  so  the  amoimt  of 
oil  it  held  could  be  readily  ascertained  at  any  time,  communicating 
with  a  lower  chamber,  also  having  glass  walls,  by  means  of  a  needle 
valve  controlled  orifice.  The  valve  could  be  adjusted  to  feed  any 
desired  number  of  drops  of  oil  per  minute  and  the  flow  of  oil  could 
be  stopped  at  will  without  changing  the  adjustment  of  the  needle 
valve  by  shifting  a  small  lever  that  allowed  the  valve  to  drop  under 
slight  spring  pressure  until  it  closed  the  passageway  communicat- 
ing to  the  small  sight  feed  chamber  beneath  the  main  container 
which  was  piped  to  the  point  needing  the  lubricant.  As  a  general 
rule  gravity  oil  cups  are  applied  directly  to  the  parts  needing  oil 
and  are  generally  used  on  cheaper  marine  and  stationary  engines. 

Q.     What  is  a  compression  or  pressure  feed  lubricator? 

A.  A  typical  pressure  feed  lubricator  is  outlined  at  Fig.  116. 
This  consists  of  a  small  tank  holding  one  or  two  quarts  of  oil,  which 
is  attached  to  the  motor  at  any  convenient  point  and  which  is  de- 
signed so  the  oil  it  contains  may  be  put  under  pressure  and  forced 
through  a  pipe  to  a  sight  feed  manifold  fitting  from  which  the  in- 
dividual oil  leads  go  to  the  points  needing  oil.  The  pressure  is  usu- 
ally obtained  from  the  exhaust  or  by  a  pipe  leading  to  the  crank 
case  interior.  A  small  check  valve  fitting  is  carried  at  the  end  of 
the  pressure  pipe  on  the  oil  container  in  such  a  way  that  the  air  or 
gas  under  pressure  will  raise  the  check  valve  from  its  seat  and  flow 


Mdhods  of  Lubrication 


919 


he  oil  container.  As  the  check  valve  seats  when  the  pressure 
i  in  the  tank  is  sufficiently  high  the  confined  gases  cannot  e&- 
and  must  force  the  oil  out  of  the  tank.  The  oil  flows  to  the 
f  the  sight  feed  arrangement  where  the  amount  dropping  can 
gulated  at  will  and  as  the  manifold  is  always  carried  higher 
the  beiuing  point  the  oil  flows  principally  by  gravity  assisted 
ne  extent  by  a  slight  pressure  escaping  from  the  oil  container, 
lubricator  of  this  nature  will  supply  lubricant  as  long  as  there 
issure  in  the  tank  and  as  no  oil  is  needed  after  the  engine 


116.— Sim^c  Conqnrcubn  Peed  Oiler  in  Whicli  Oil  is  Supplied 
Prom  Container  by  Crank  Case  or  Exhaust  Pressure. 

it  is  desirable  to  fit  the  container  with  a  small  petcock  or 
valve  which  can  be  opened  when  the  engine  is  stopped  to  re- 
the  pressure  on  top  of  the  oil  and  thus  interrupt  the  supply  to 


Name  principal  methods  of  mechanical  oiling  and  state 
advantages. 

There  are  two  mun  methods  of  oiling  a  power  plant  by  mecb* 
Lmeans,  the  most  common  one  involving  a  ainf^e  'tium^  -«\a<i^ 
tie  <al  in  droalatiim  from  the  oil  sump  ot  contaivueE  mHft;^^ 
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with  the  crank  case  to  the  crank  compartments,  where  it  is 
up  by  the  connecting  rods  and  splashed  around.  The  othei 
individual  lead  sight  feed  oiler  in  which  each  separate  bea 
supplied  by  its  own  pump  plunger  through  an  oil  tube.  A 
of  the  eight  feed  gravity  oiling  method  is  that  the  flow  of  oil 
be  stopped  by  any  small  particle  of  foreign  matter  in  the  0 
or  even  by  thickening  of  the  oil  due  to  lowering  temperature 
bearing  points  would  be  deprived  of  lubricant. 

Much  trouble  resulted  from  this  source  and  positive  ^et 
which  oil  must  be  delivered  to  the  bearing  points  as  long  as  thi 
plant  is  kept  in  operation  were  evolved.    With  a  powerful 
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forcing  the  lubricant  through  the  oil  supply  tubes  it  is  diffi 
any  accumulation  of  hnt  or  small  piece  of  wax  carried  by 
itself  to  constrict  the  bore  of  the  tube  and  retard  the  flow  ( 
cant.  The  pumps  have  sufficient  pressure  so  the  oil,  whi( 
incompressible  liquid,  will  be  forced  to  the  bearing  points  ai 
the  tube  or  passage  of  obstructions  tending  to  impede  its  flo' 
individual  lead  form  of  oiler  or  mechanical  oiler  having 
number  of  individual  pumps  is  seldom  used  at  the  present 
practically  all  automobile  engineers  favor  the  simpler  an 
poeitive  aelf-cont^ed  systems. 
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Q.     Describe  action  of  constant  level  splash  system. 

A.  The  arrangement  of  the  crankcase  interior,  when  used  in 
connection  with  a  constant  level  splash  system,  is  clearly  outlined 
at  Fig.  117.  As  will  be  evident  the  crankcase  is  divided  into  two 
parts,  the  lower  portion  or  sump  being  separated  from  the  upper 
part  itt  which  the  crankshaft  revolves  by  a  cast  partition  wall  of 
corrugated  form  which  practically  divides  the  interior  into  four  , 
compartments,  one  for  each  connecting  rod.  A  small  standpipe 
attends  from  each  compartment  to  a  sufficient  height  so  any  accu- 
mulations  of  oil  that  would  tend  to  raise  the  level  of  lubricant  above 
the  predetermined  point  will  overflow  and  pass  back  from  the  crank 


Fig.  118. Methods  of  Supplying  Oil  to  Bearings.     A— Oil  Pocket 

Above  Main  Bearings  Which  Collects  Lubricant.  B — Showing 
Scoops  at  Bottom  of  Connecting  Rod  to  Pick  Up  Lubricant  From 
Troughs  in  Crankcase. 

compartments  to  the  sump  beneath  them.  The  main  bearings  are 
oiled  as  shown  at  Fig.  118-A.  The  oil  accumulates  in  the  oil  troughs 
shown  at  Fig.  1 18-B  and  is  picked  up  by  scoops  attached  to  the  lower 
connecting  rod  bearing  cap  and  splashed  around  the  interior  of  the 
crankcase.  The  spray  or  oil  mist  collects  on  all  working  parts  and 
a  portion  of  the  oil  will  be  caught  by  oil  pockets  such  as  shown  at 
A  and  diverted  to  the  bearing,  while  some  of  the  lubricant  will 
be  splashed  on  the  cylinder  wails  where  it  will  be  spread  out  and 
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picked  up  by  the  rapidly  reciprocating  piston  and  reduce 
between  the  piston  and  piston  rings  and  cylinder  wall. 

The  digram  at  Fig.  119  outlines  clearly  tH  parts  of  a  s 
constant  level  splash  system  having  a  sight  feed  on  the  dash, 
direction  of  oil  flow  can  be  easily  de- 
termined by  the  arrows.  The  lubricant 
is  drawn  from  the  sump  or  container 
at  the  bottom  of  the  crank  case 
throughascreenattached  to  the  intake 
pipe  of  a  gear  driven  oil  pump.  The 
pump  discharge  goes  to  the  sight  feed 
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Fig.  119.— Overland  Constant  Level  Splash  Lubrication  System. 

on  the  dash  and  a  pipe  from  the  lower  portion  of  this  indicator 
returns  the  lubricant  to  spreader  members  which  divert  the  liquid 
into  the  oil  troughs  under  the  connecting  rods.  With  this  method 
of  lubrication  the  oil  is  kept  in  constant  circulation  and  as  the  level 
is  always  maintained  at  the  proper  height  in  the  oil  troughs,  then 
is  no  possibility  of  the  engine  becoming  under  or  over  lubricated 
and  a  constant  supply  of  oil  is  insured  under  all  operating  conditioni. 
Q.  Can  oil  be  circulated  without  pumps? 
A.     It  is  not  aJways  necessary  to  supipVv  ^  ^m  itv^wiL-vaiiMft^ 
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circulate  the  oil  around  a  power  plant  interior,  as  in  Bome  the  de- 
sign is  such  that  the  flywheel  itself  serves  as  an  oil  distributing  mem- 
ber. A  typical  system  of  this  nature  is  shown  at  Fig.  120.  The 
power  plant  crankcase  is  inclined  toward  the  rear  end  so  that  a 
pocket  is  formed  in  which  the  oil  can  collect  to  a  certain  height 
that  will  insure  its  being  picked  up  by  the  periphery  of  the  rapidly 
moving  flywheel  rim.  The  oil  thrown  from  the  flywheel  is  collected 
by  a  main  oil  pipe  to  an  oil  feed  regulator  controlled  by  the  ac- 
celerator or  throttle  lever.  From  this  point  a  portion  of  the  oil  is 
diverted  to  an  oil  duct  which  joins  the  four  cylinders,  while  the 
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remainder  flows  into  the  main  oil  duct  cored  out  in  the  crankcase 
to  the  three  main  bearings.  Oil  passages  are  drilled  from  the  main 
bearings  to  the  crank  throws  and  these  are  thoroughly  filled  with 
oil  which  after  lubricating  the  connecting  rod  caps  is  thrown  about 
the  interior  of  the  engine  by  centrifugal  force  and  insures  that  all 
interior  parts  not  supplied  directly  by  the  oil  ducts  will  receive 
lubricant.    Oil  thrown  by  the  flywheel  is  also  diverted  to  the  trai^- 
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mission  gears  and  universal  joint,  from  which  it  is  returned  by  aj 
joining  the  universal  joint  casing  with  the  flywheel  pocket  ai 
rear  of  the  crankcase. 

Q.     What  types  of  pumps  are  used  to  circulate  oil? 

A.  Two  forms  of  pumps  are  used  to  circulate  oil,  the  gear  f 
which  is  shown  at  Figs.  119  and  121  and  the  plunger  pump  cle 
outlined  at  Fig.  122.  The  gear  pump  consists  of  a  pair  of  i 
gears,  having  large  teeth,  meshing  together  in  a  closely  fitted  dd 
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Fig.  121. — Method  of  Lubrication  by  Supplying  Oil  to  Main  Bearii 

by  Pressure  Supplied  by  Gear  Pump. 

case.  One  of  the  gears  serves  as  the  driving  member  and  is  ti] 
by  any  suitable  mechanical  connection  with  the  engine  cranki 
or  camshaft.  The  plunger  pump  is  usually  cam  operated,  as 
cated  at  Fig.  122,  because  it  works  with  a  reciprocating  m< 
instead  of  a  rotary  movement.  Both  forms  outlined  are  por 
though  the  plunger  form  is  capable  of  exerting  more  pressure  o 
oil  than  either  the  spur  gear  or  eccentric  forms  also  widely  us 

Q.    Why  should  oil  supplied  to  engines  be  carefully  i 
lated? 

A,    It  is  imperative  to  insure  efficient  en^ne  action  that  i 
/be  supplied  in  measured  quantities  tViat  wi!(\.  \i^  V^Xi  T^fiaX  \ 
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conditions  under  which  the  power  plant  is  operated.  If  the  lubri- 
cating oil  is  introduced  in  excessive  quantities  a  considerabl?  por- 
tion will  be  forced  into  the  combustion  chamber,  where  it  will  be 
burned  by  the  excessive  heat  present  at  that  point  and  produce 
carbon  deposit  in  the  interior  of  the  cylinder  head.  When  an  en- 
gine is  supplied  with  too  much  oil  the  surplus  will  escape  at  all  pos- 


Mble  bearing  points  and  the  wasted  lubricant  performs  no  useful 
service.  If  the  oil  is  not  supplied  in  sufEciently  large  quantities 
the  bearings  will  heat  because  of  the  friction  between  their  parts 
and  some  of  the  engine  power  will  be  lost.  If  the  oil  supply  is  in- 
terrupted through  accidents,  the  part  may  heat  up  su&c\«'atiL'^  %A 
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that  the  bearings  will  be  burnt,  cylinder  and  piston  walls  scored 
and  other  damage  done. 

Q.     How  can  oil  supply  be  regulated? 

A.  One  of  the  advantages  of  the  constant  level  splash  system 
of  lubrication  is  that  the  amount  of  oil  required  is  determined  by 
experiment  at  the  factory  and  the  motorist  does  not  have  to  reg- 
ulate the  oil  feed  to  any  extent.  The  operator's  responsibility 
ceases  when  the  oil  container  has  been  filled  with  a  sufficient  quan- 
tity of  good  engine  oil.  On  some  of  the  individual  pump  mechan- 
ical oilers  the  stroke  of  the  pumps  may  be  varied  to  alter  the  oil 
feed.  Sight  feed  lubricators  are  often  provided  with  needle  valves 
to  regulate  the  amount  of  oil  passing  through  the  orifice  they 
control  in  a  given  unit  of  time. 

Q.  Describe  some  typical  lubrication  systems  used  on  high 
grade  cars. 

A.  The  oiling  system  of  the  Packard  six  cylinder  motor  i>. 
clearly  outlined  at  Fig.  124.  In  this  the  oil  is  carried  in  a  sump 
formed  integral  with  the  crankcase  and  is  taken  from  that  point 
by  a  pmnp  and  delivered  to  a  manifold  pipe  extending  along  the 
side  of  the  motor  crankcase.  This  manifold  communicates  with 
the  main  bearings,  as  well  as  to  the  timing  gear  assembly  at  the 
front  end  of  the  motor.  The  crankshaft  is  provided  with  drilled 
passages  so  the  oil  supplied  by  the  oil  manifold  lubricates  the  con- 
necting rod  big  ends  after  it  passes  from  the  main  bearings.  The 
cylinder  interiors,  pistons,  valve  plunger  guides^  and  other  parts 
are  thoroughly  oiled  by  the  oil  spray  always  present  in  the  crank 
case.  A  manometer  or  pressure  gauge  is  carried  on  the  dash  board 
and  is  attached  to  the  end  of  the  motor  oil  manifold.  This  indi- 
cates at  all  times  if  oil  is  being  delivered  to  the  bearing  points. 
If  the  pressure  of  oil  becomes  too  great  in  the  manifold  as  sometimes 
occurs  at  high  engine  speeds,  a  relief  valve  is  provided  which  per* 
mits  the  excess  lubricant  supplied  by  the  pump  to  bypass  back  in- 
to the  crankcase  interior. 

The  system  of  lubrication  employed  on  Packard  trucks  is  shown 
at  Fig.  123.  In  this  the  oil  is  drawn  from  a  tank  by  an  oil  pump 
and  forced  through  the  sight  feed  on  the  dash,  back  to  the  crank- 
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iterior,  where  it  collects  in  the  front  and  rear  crankcase  com- 
mits to  a  level  indicated  by  the  petcock  screwed  into  the  sides 
crankcase.  The  interior  of  the  engine  is  thoroughly  lubri- 
by  the  splash  system. 

he  Pierce  Arrow  cars  practically  the  same  arrangement  as 
I  the  Packard  six  cylinder  and  several  other  leading  cars  is 
This  system  is  depicted  at  Fig.  125  and  involves  the  use  of 
driven  oil  circulating  pump  having  its  suction  side  coimecied 
sump  at  the  bottom  of  the  crankcase  and  its  delivery  pipe 
anifold  which  goes  to  the  main  bearings  of  the  drilled  out 


haft.  A  feature  of  this  system  is  the  use  of  an  oil  strainer 
r  screen  on  both  suction  and  delivery  sides  of  the  pump. 
f  theee  Bcreens  may  be  readily  removed  for  cleaning  purposes 
Hure  the  delivery  of  only  perfectly  clean  oil  to  the  bearing 
Two  petcocIcB  are  provided  on  the  side  of  the  crankcase. 
LB  at  the  bottom  is  a  drun  cock  through  which  the  sump  may 
itied  at  say  time  while  the  testcock  indicates  ii  Uie  CfClVbN^ 
lamp  h  BuSaieBiJy  high. 
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Q.     How  can  oil  be  introduced  to  the  crankcase  interi 
emergencies  ? 

A.  Practically  all  power  plants  utilizing  the  constant 
splash  or  manifold  supply  systems  in  which  the  oil  is  carriet 
container  integral 
the  crankcase  ha 
filler  tube  or  f 
that  communicate 
rectly  with  the  c 
case  interior,  thr( 
which  the  lubricatL 
is  poured.  In 
forms  of  power 
where  the  feed  i 
ind'vidual  pump 
chanical  oilers  th( 
set  for  normal  opei 
conditions  it  is  st 
times  desirable  U 
vide  a  band  opt 
pump  of  the  sii 
plunger  type  that 
be  used  to  draw  oil 
an  auxiliary  tank 
force  it  to  the  cran 
interior  in  order  t< 
out  the  lubricating 
Fig.  126.— Hand  Pump  Sometimes  Used  to  t*™  under  abnorm 
Inject  Oil  to  Engine  Base  as  an  Auxil-  erating  conditions 
fairy  to  the  Regular  Lubrication  System.    ^    gpeedrng    and 

stretches  of  low  speed  gear  work  where  the  en^e  must  ru 
and  pull  hard.  A  simple  form  of  oil  pump  adapted  for  Hoi 
pose  is  clearly  outlined  at  Fig.  126. 


LESSON  THIRTEEN 
COOLING  THE  GASOLINE  ENGINE  BY  AIR 

Q.    Why  is  it  necessary  to  cool  the  cylinder  of  a  gas  engine? 

A.  The  rapid  succession  of  explosions  taking  place  in  the  com- 
bustion chamber,  which  means  that  temperatures  higher  than 
2000  degrees  F.  exist  at  that  point,  temporarily  causes  the  cylinder 
to  become  heated,  and  some  method  of  absorbing  the  surplus  heat 
must  be  provided. 

Q.     What  part  of  the  cylinder  is  hottest? 

A.  The  combustion  chamber  or  cylinder  head  is  hotter  than  the 
rest  of  the  cylinder  because  it  is  exposed  directly  to  the  hot  gases 
at  all  times  and  is  subject  to  the  maximum  temperature. 

Q.  What  would  be  the  effect  on  the  /alves,  if  the  engine 
was  not  cooled? 

A.  If  no  provision  was  made  for  absorbing  the  excess  heat  pres- 
ent in  the  combustion  chamber  the  inlet  and  exhaust  valves  would 
warp,  the  valve  head  seats  would  become  burnt  so  these  members 
could  not  hold  compression  and  the  stems  would  be  liable  to 
stick  while  in  action. 

Q.  What  would  happen  to  the  piston  if  cylinder  was  not 
cooled? 

A.  The  piston  would  expand  to  such  a  point  that  it  would  have 
much  friction  in  the  cylinder  and  on  account  of  the  high  temper- 
ature, which  would  burn  away  the  lubricating  oil,  it  would  not  be 
long  before  the  piston  would  seize  in  the  cylinder  and  perhaps  be- 
come expanded  by  the  heat  to  such  a  point  that  it  could  not  move. 

Q.     Describe  the  possible  methods  of  cooling. 

A.  Gas  engine  cylinders  may  be  cooled  by  direct  application 
of  currents  of  air  or  by  circulating  water  through  a  suitable  jacket 
aroimd  the  hot  portions. 
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Fig.  127. — Simple  Air-Cooled  Engine  With  Radiatinrt  FUngei  Cart 
Integral  With  Cylinders  and  Air  Blast  for  Cooling  From  FrictioB 
Driven  Fans. 

Q.    What  is  the  simplest  method? 
A.     The  system  of  direct  coolmg  by  wi  va  aVm^let  than  the  b* 
direct  systems  of  cooling  by  water. 
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Q.     Will  air  absorb  heat  as  readily  as  water? 

A.  The  heat  absorbing  power  of  air  is  very  much  less  than  that 
of  a  similar  volume  of  liquid  such  as  water  or  oil. 

Q.     What  is  necessary  in  order  to  cool  successfully  by  air? 

A  In  order  to  compensate  for  the  lessened  power  of  heat  ab- 
sorption possessed  by  air  it  is  necessary  to  provide  more  radiating 
surface  from  which  the  heat  can  be  taken  and  also  to  use  rapidly 
moving  currents  of  air  passing  over  the  augmented  surface. 

Q.     Can  an  engine  cylinder  be  cooled  too  much? 

A.  It  is  possible  to  cool  a  gas  engine  cylinder  to  such  a  point 
that  the  efficiency  of  the  motor  will  be  greatly  reduced  and  cause 
it  to  lose  power. 

Q.  What  is  the  permissible  temperature  of  an  air-cooled 
cylinder? 

A.  Theoretically  a  cylinder  may  become  heated  to  the  point 
where  the  cylinder  oil  is  not  affected  unduly  by  the  heat,  but  in 
actual  practice  owing  to  the  facility  w  th  which  metals  may  become 
distorted  by  expansion  due  to  heat  it  is  not  recommended  that 
temperatures  exceeding  325  to  350  degrees  F.  be  exceeded. 

Q.     What  is  the  temperature  of  a  water  cooled  cylinder? 

A.  The  temperature  of  a  water  cooled  cylinder  must  a  ways 
remain  below  212  degrees  F.  or  the  boiling  point  of  water  because 
if  the  cylinder  is  allowed  to  become  hotter  than  this  it  will  produce 
boiling  and  rapid  evaporation  of  the  cooling  liquid. 

Q.  What  percentage  of  heat  is  lost  through  the  cooling 
system? 

A.  The  amount  of  heat  lost  through  the  jacket  water  of  the 
average  internal  combustion  cylinder  is  given  a  different  value 
by  various  authorities,  this  ranging  from  40  to  55%  of  the  total 
heat  generated  by  the  combustion  of  the  gas  in  the  cylinders. 

Q.     Is  it  desirable  to  reduce  this  heat  loss? 

A.  If  it  is  possible  to  reduce  the  loss  of  heat  units  one  will 
obtain  greater  efficiency  from  a  given  amount  of  fuel  because  more 
heat  is  turned  into  power.  As  a  rule  the  loss  with  an  air  cooling 
system  is  considerably  less,  and  air-cooled  engines  are  more  efficient 
than  the  water-cooled  forms. 
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Q.     How  many  methods  of  air  cooling  are  used? 

A.      There  are  two  methods  of  air  cooliag,  one  depending 

radiation  of  heat  from  a  largely  increased  aurface  alone,  thi 

by  convection  and  radiation,  this  involving  passing  a  cun 

Eur  at  high  velocity  over  the  radiating  surfaces. 

Q.     Describe  simple  radiating  systems. 

A.     A  simple  radiation  system  is  used  only  in  some  fc 

stationary  engines  of  small  power.    To  cool  by  radiation  it  b 

necessary  to  inc 

the  external  arei 

cylinder  by  any  t 

means.     The  fur 

diately  surround: 

cylinder    is    hea 

contact  with  it 

it  is  lighter    thi 
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turn  becomes  hea 
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at  a  lower  temj 

than  that    sum 
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be  expected  coo 

this  method  is  b 

gisb  for  general 

the  combined  ri 

and  convection  systems  are  gener^ly  employed  in  motor 


Q.     Describe  air  cooling  by  radiation  and  convection. 

A.     A  simple  single  cylinder  air  cooling  engine  in  which  f 

absorption  is  by  radiation  and  convection  is  outlined  &t  F 

In  this  power  plant  the  cylinder  is  provided  with  radiating 

irMcJi  are  swept  by  air  blasts  set  up  by  cooling  fans^pl 

esch  side  of  the  cylinder  and  drVveu  by  lt\(ftAQ^si  c«t*»Kh.- 
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flywheel  rim.  The  more  rapid  passa^  of  the  air  currents  produces 
a  better  cooling  effect  than  would  be  obtained  by  the  simple  rad- 
iation method.  On  some  types  of  faat  moving  vehicles  where  the 
engine  is  exposed,  as  in  motorcycle  practice,  it  is  not  necessary  to 
provide  a.  fan  for  prcfducing  the  air  blast  because  these  are  auto- 
matically produced  by  the  rapid  movement  of  the  cylinder  through 
the  air. 

Q.  What  are  the  usual  methods  of  increasing  the  effective 
radiating  surface? 

A.     The  cylinder  is  generally  provided  with  flanges  which  may  be 


cast  integral  or  which  may  be  made  of  some  metal  that  is  a  better 
conductor  of  heat  than  cast'iron  and  forced  in  place  around  the 
cylinder  by  shrinking  them  against  the  smoothly  machined  exterior. 
Sometimes  the  cylinder  is  provided  with  inserted  pins  or  with  pro- 
jecting spines  cast  integrally.  Other  forms  have  been  made  in  which 
metal  combs  have  been  fitted  to  the  cylinder  either  by  peening  these 
in  grooves  milled  longitudinally  on  the  cylinder  walls  or  by  inaettMisi. 
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them  in  the  mould  and  pouring  in  the  molten  metal  when  the  tj 

iader  is  cast. 

Q.     Which  is  the  most  efficient  method  of  flange  applicatic 
A.     Owing  to  the  loss  of  heat  at  joints  the  integrally  cast  fl 

is  generally  preferred  to  applied  flanges. 


Q.     How  are  air  currents  produced  for  cooling  cylinders? 

A,  Air  currents  may  be  directed  against  the  cooling  flanges  by 
means  of  simple  fans,  as  shown  at  Fig,  127,  or  by  flywheel  suction 
as  shown  at  Figs.  128  and  129.  In  some  forms  of  aeroplane  power 
plants,  notably  the  Gnome  motor,  which  has  revolving  cylinders 
s/rd  which  is  illustrated  at  Fig,  130,  the  cyUndera  are  cooled  by  rapid 
rotation  through  the  air. 
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Describe  air  cooling  by  flywheel  suction. 

The  Bystem  of   air  cooling  employed  on  Franklin  motor 

typical  of  the  method  of  inducing  air  current  by  flywheel 

This  power  plant  is  shown  at  Fig.  129  and  the  path  of  the 
ants   can  be  readily  ascertained  by  following  the  arrows  in- 

Tbe  motor  is  carried  in  a  practically  air  tight  compart- 
scept  for  an  opening  at  the  front  end  of  the  hood,  and  the 
y  air  entering  may  escape  is  through  the  rear  end  of  the 
jmpartment.  The  flywheel  is  a  special  form  having  a  series 
d  blades  which  have  a  suction  effect  as  they  revolve  anti 


n^—Mr-CooJed  Motor  Having  Fourteen  Revci\v\n&  Q,i\\n&Kn 
Uaed  for  Anoplxne  Propnlrion. 
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tend  to  exhauit  the  air  from  the  motor  compartment.  Duri 
entire  period  of  time  the  engine  is  in  operation  the  flywheel  pr 
a  partial  vacuum  in  the  motor  compartment  by  its  prone 
draught  creating  properties  and  cool  fresh  air  is  constantly  ei 
through  the  front  of  the  hood  to  replace  the  warm  air  drawn 
the  blower  flywheel.  Before  the  entering  air  can  leave  the 
compartment  it  must  pass  through  sheet  metal  jackets  whi( 
round  the  cylinders  and  as  it  brushes  by  the  vertical  radiating] 
it  becomes  heated  and  the  surplus  heat  is  thus  taken  fro: 
cylinder.  A  similar  system  used  successfully  on  the  Chase 
truck  is  outlined  at  Fig.  129 A. 

Q.     Describe  blower  system  of  air  cooling. 

A.  Air  cooled  cylinders  are  sometimes  cooled  by  a  blast 
directed  against  them  by  a  pressure  blower,  as  shown  at  Fij 
instead  of  a  suction  fan.  This  form  of  blower  draws  in  a  c 
current  and  forces  it  against  the  cylinders  through  a  suita 
pipe  which  is  connected  to  an  air  jacket  surrounding  the  cyl 

Q.     What  are  the  advantages  of  air  cooling? 

A.  Besides  being  more  efficient  as  regards  fuel  consimipl 
air  cooled  engine  may  be  operated  under  conditions  of  ext: 
low  temperature  that  would  interfere  seriously  with  the  op 
of  water-cooled  cars.  During  cold  weather  it  is  necessary 
the  radiators  of  water-cooled  cars  with  anti-iPreezing  com] 
which  require  constant  attention  and  which  in  some  cases  ar 
ally  harmful,  to  the  various  components  of  the  cooling  s 
An  air-cooled  motor  will  work  as  well  in  cold  tiFeather.as 
during  the  warmer  season  and  there  is  no  necessity  of  maid 
changes  in  the  cooling  systems  to  provide  for  lower  temper 

Q.     What  are  the  defects  of  air  cooling?  ; 

A.  One  of  the  main  defects  of  air-cooled  mptors,  as  her 
colfetructed,  has  been  the  necessity  of  careful  .driving  and 
gent  lubrication  and  mixture  adjustment.  The  air-cooled  n 
not  as  suitable  a  form  for  general  use  as  the  water-cooled  t; 
cause  it  becomes  overheated  under  certain  conditioiis  of 
where  the  overheating  of  a  watei-coo\^d  ^tl^^  \m4ksst  ^uxul 
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Hild  not  be  so  apparent  on  account  of  the  greater  capacr 
rater-cooling  system  to  absorb  heat.  When  used  under 
;  of  overload  or  maximum  power  generation  for  extended 
le  air-cooled  engine  is  not  as  suitable  as  the  water-cooled 

here  la  air  cooling  particularly  desirable? 
-cooled  engines  are  widely  applied  as  power  plants  where 
simplicity  and  lightness  for  a  certain  horse  power  are 

lere  are  air  cooled  engines  widely  used? 
-cooled  engines  have  been  almost  universally  applied  to 
e  propulsion,   have  been  used  extensively  as  light  port 
r  plants  for  farm  use  and  have  also  received  som*'  appli 
leroplane  service. 


Sectional  View  of  Twin  Cylinder  A.ir  CocUd  IHoX.cnci'iN.* 

Engine. 


LESSON  FOURTEEN 
TYPICAL  WATER  COOLING  SYSTEMS 

Q.     What  is  the  common  method  of  cooling  by  water? 

A.  In  usual  water  cooling  systems  the  cylinder  is  provid 
with  a  water  jacket  which  is  kept  constantly  filled  with  water,  t! 
passing  out  of  the  jacket  when  it  becomes  heated  and  retumi 
again  when  it  has  been  cooled  by  external  means. 

Q.     Name  the  two  systems  of  water  cooling. 

A.  There  are  two  common  methods  of  cooling  by  water,  1 
simplest  of  these  being  the  thermo-syphon  or  natural  system;  i 
other  is  the  pump  circulation  method. 

Q.     How  does  the  thermo-syphon  system  operate? 

A.  The  conventional  arrangement  of  parts  of  a  thermo-sypl 
cooling  system  is  outlined  at  Fig.  131.  A  radiator  or  wa 
container  supplies  water  to  the  lower  portion  of  the  water  jacl 
by  means  of  a  manifold  pipe  and  after  the  water  becomes  he* 
it  passes  out  of  the  top  of  the  water  jacket,  through  another  mi 
fold  to  the  top  of  the  radiator.  The  circulation  is  mainta'ned 
a  natural  law  that  hot  water  being  lighter  than  cool  water  will  i 
and  be  replaced  by  water  at  lower  temperature.  In  the  syst 
outlined  the  heated  water  from  the  engine  passes  through  the  r 
iator  and  is  cooled  and  falls  to  the  bottom  of  the  radiator  wher« 
is  again  conducted  to  the  bottom  of  the  cylinder.  Circulatioi 
maintained  automatically  as  long  as  the  engine  is  in  operation  I 
the  radiator  is  filled  with  water. 

Another  method  of  cooling  by  the  thermo-syphon  system, 

which  the  radiator  is  carried  at  the  back  of  the  power  plant  inrt 

of  at  the  front  end,  is  shown  at  Fig.  132.    The  principal  parts  fi 

s/st  of  a  radiator,  which  serves  as  a  v?a\,et  ^iocJi^x  ^xA^^xst^ig^^ 
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a  centrifugal  fan  member  to  draw  air  through  the  radiator,  and  suit- 
ble  pipes  to  connect  the  water  jacket  with  the  upper  and  lower 
portions  of  the  radiator  respectively. 

Q.  What  precautions  are  necessary  to  successfully  use  ther- 
mo-syphon  cooling? 

A,  Where  the  water  is  circulated  by  natural  means  it  is  neces- 
sary to  have  a  radiator  of  large  capacity  and  also  large  water  jackets 
and  manifold  pipes  as  circulation  due  to  the  heating  and  coolmg  of 
water  is  more  slug^h  than  in  systems  where  a  pump  is  employed. 


Pig.  131. — IlluBtrating  Action  of  Simpla  Thermo-Sj'pbon  Water-Cool- 
ing Sjrstem. 

Thus  large  water  passages  are  necessary  so  the  flow  of  liquid  will 
not  be  impeded  by  small  water  spaces  or  redatance  of  small  bore 
water  pipes. 

Q.    What  are  the  advantages  of  the  forced  circulation  method? 

A.  When  a  pump  is  employed  to  circulate  liquid,  as  shown  at 
dg.  133,  the  cooling  system  may  be  made  lighter  because  less 
water  is  needed  in  the  radiator  and  the  water  pipes  and  water  spaces 
around  the  cylinders  may  be  made  smaller.  The  pump  is  driven  by 
mechanic^  connection  with  the  engine  crankshaft  and  as  the  speed 
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of  the  motor  increases,  the  circulation  of  the  water  becomes  emot 
energetic.  A  more  efficient  form  of  radiator  having  smaller  passagee, 
which  will  cool  the  water  quicker  than  large  passf^es  derigQed  f€t 
free  flow,  may  be  used. 

Q.     Name  principal  parts  of  forced  circulation  system. 
A,     The  principal  parts  of  a  forced  circulation  system  used  co 
Packard  cars  are  clearly  outlined  at  ¥\£.  VA.  TBa^«SHeT»\a^ 
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the  lower  portion  of  the  radiator  by  the  pump  from  which  it 
livered  to  a  manifold  or  water  inlet  header  attached  to  the 
r  portion  of  the  water  jackets  immediately  under  the  inlet 
3.  The  heated  water  is  forced  out  of  the  top  of  the  water 
it,  through  short  cast  fittings  joined  together  by  lengths  of  rub- 
lose.  The  water  passes  to  the  top  of  the  radiator  and  as  it  flows 
igh  the  narrow  passages  it  becomes  cooled  because  the  tubing 
hich  the  radiator  is  composed  is  kept  at  a  low  temperature 


mmmmm 


;.  133.^-Conventional  Forced  Circulation  System  Employing  Me- 
chanically Driven  Pump  to  Insure  Movement  of  Water. 

,  current  of  air  drawn  through  the  radiator  by  a  Vbelt  driven, 
aluminum  fan. 

•    How  many  types  of  pumps  are  conmionly  used  in  water 
ing  systems? 

The  fams  cf  pumps  utilized  to  circulate  ttie  ^«A«t  \!too\v^ 
■dMor  aad  water-jacket  spaces  are  usually  oi  t\ie  to\.ot^  X^iw 
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tr  of  the  spur  gear  or  centrifugal  style.     On  marine  motors  the 
ger  pump  is  very  widely  used  because  it  must  lift  water  instead 
erely  circulating  it  from  one  member  to  another. 
.     Describe  construction  and  action  of  centrifugal  pump. 

A  typical  centrifugal  pump  is  shown  at  Fig.  135.  This  con- 
ot  a  cast  bronze  casing,  having  a  water  inlet  concentric  witli 
surrounding  the  impeller  shaft  and  an  outlet  extending  from  a 
t  on  its  periphery;  an  impeller  or  paddle  wheel  carried  by  suit- 
bearings  in  pump  case  and  pump  cover.  The  impeller  is  re- 
ed at  fairly  high  speed  by  mechanical  connection  with  some 


nhjoe//£. 


Fig.  133. — Parts  of  Centrifugal  Water  Pump. 

ing  part  of  the  motor  and  as  it  revolves  in  the  casing  it  forces 
water  entering  through  the  inlet  at  the  center  of  the  impeller 
rardly  by  centrifugal  force  and  discharges  the  water  from  the 
et  in  the  pump  periphery.  The  pump  intake  is  invariably  con- 
ed to  ihe  lower  portion  of  the  radiator  where  the  water  is  cool- 
and  the  discharge  or  outlet  is  joined  to  the  manifold  connecting 
lower  portioa  of  the  water  jackets. 
1.  Outline  coastraction  and  action  of  gear  pump. 
236©  ^ev  form  of  circulating  pump  is  c\ear\y  s\h3wt».  a.\,  Y\1E, 
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136.    This  consists  of  two  spur  gears  that  are  a  furly  tight  fit 
the  pump  casing,  one  of  these  being  keyed  to  a  shaft  that  serves  IBI 
driver  while  the  other  revolves  idly  on  a  stud  fastened  to  the  ] 
case.    As  the  gears  are  in  mesh  no  water  can  pass  between  than  and 
as  they  rotate  small  volumes  of  water  tae  imprisoned  in  the  s 
between  the  teeth  and  are  forced  from  the  inlet  opening  arouod 
the  side  of  the  casing  and  are  discharged  through  the  outlet  jspt 


Fig.  136. — Diagram  Outlining  Action  of  Typical  Gear  Pump. 

All  parts  of  water  circulating  pumps  are  preferably  made  of  bronie 
because  this  metal  is  not  aa  much  affected  by  water  and  does  not 
corrode  or  otherwise  deteriorate  as  rapidly  as  the  ferrous  mat^- 
ala  steel  and  iron.  The  gear  form  of  pump  is  driven  by  poatire 
mechanical  connection  in  just  the  eaxcie  ^8.7  »a  Wub  osQJbriftm^ 
iype  and  is  utilized  in  the  same  mwmet. 
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Q.     How  is  the  heated  water  from  the  engine  cooled? 

A.  After  the  water  has  become  heated  by  contact  with  the  hot 
cylinder  and  combustion  chamber  walls  it  is  discharged  to  the  top 
of  a  cooling  device  termed  a  ''radiator''  by  which  it  is  exposed  to 
a  large  metal  surface  which  absorbs  the  surplus  heat  and  which,  m 
turn,  is  kept  cool  by  currents  of  air  passing  through  the  spaces  be- 
tween the  water  tubes.  Two  typical  radiators  are  outlined  at  Fig. 
137,  that  at  A  being  a  form  intended  for  application  at  the  front 
end  of  the  chassis,  while  the  form  at  B  is  fitted  at  the  rear  of  the  motor 
and  immediately  in  front  of  the  dash  separating  the  en^ne  ccfm- 
partment  from  the  body  portion. 

Q.     How  do  radiators  differ  in  form? 

A.  The  main  difference  in  radiators  is  in  the  formation  of  the 
water  passages.  In  some  types  the  water  is  made  to  flow  throu|^ 
tubes  of  small  diameter  wliich  spread  it  out  in  thin  sheets,  whereas 
in  others  tubes  of  greater  volume  are  employed  and  the  water  is 
allowed  to  flow  through  in  larger  quantities.  The  form  which 
divides  the  water  into  numerous  small  streams  must  be  used  in  coih 
nection  with  a  circulating  pump  of  some  type  while  that  offering 
larger  water  passages  can  be  utilized  in  connection  with  engines 
cooled  by  the  thermo-syphon  system. 

Q.     What  type  is  the  more  efiicient?' 

A.  The  type  in  which  the  water  is  divided  into  many  small 
streams  is  the  most  generally  used  on  account  of  its  greater  efficiency. 
Because  of  the  narrow  water  passages  the  tubing  may  have  a  large 
area  exposed  to  the  influence  of  the  cooling  currents  of  air,  and  the 
heat  is  more  easily  extracted  from  a  small  body  of  water  than  from 
a  larger  amount. 

Q.    What  are  the  disadvantages  of  narrow  water  passages? 

A.  It  is  more  difficult  for  the  water  to  flow  through  narrow 
passages  as  shown  at  Fig.  lo9,  because  of  the  resistance  offered  by 
the  walls  of  the  cooling  tubes.  Then  again,  it  is  easier  for  the  small 
passages  to  become  constricted  with  scale  or  impurities  in  the  water 
and  ciiculation  is  thus  impeded.  The  forms  of  cooling  tubes  shown 
at  Fig.  140  A  End  B  when  assembled  to^ather  form  what  is  known 
as  a  honeycomh  cooler  on  account  oi  ita  a^^axwcL^^.    ki^^«f^\i^ 
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nt  vith  eitber  the  square  tubes  shown  at  A  or  the  zigzag  pas- 
outlined  at  S  a  large  amount  of  metal  surface  compared  to 
ae  of  water  is  exposed  to  the  action  of  the  air  currents  and  the 
u  TeadSy  extracted  from  tbc  liquid.  The  eiid\\e'«  ol  *.\.-^^\*l«S. 
voinl'  oeatioa  made  up  of  tubes  as  ehown  at  B  \a  ovi'Oci'CieA,  kw 
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it  will  be  noticed  that  the  ends  of  the  tubes  are  swaged  together 
and  firmly  soldered  in  order  to  make  water-tight  joints. 

Q.  Name  advantages  and  defects  of  large  water  passages  in 
radiator. 

A.  Methods  of  radiator  construction,  which  provide  larger  pas- 
sages for  the  water  than  those  previously  discussed,  are  shown  at 
Figs.  140  and  141,    The  general  construction  of  the  section  outlined 


^A/r  flasaof^s 


Fig.  140.— Part    Sectional    View    of    Honey-Comb    Radiator    Section 
Showing  Small  Water  Spaces  and  Large  Air  Spaces. 

at  Fig.  140  is  very  similar  to  that  of  a  honey-comb  radiator  but  the 
tubes  are  so  assembled  that  larger  water  spaces  are  provided  be- 
tween them  for  the  water  to  pass  through.  At  Fig.  141  the  tubes 
are  flattened  and  the  effective  radiating  surface  is  augmented  by 
means  of  flat  cooling  llanges  through  which  the  tubes  are  passed  and 
to  which  they  are  firmly  secured  by  solder  when  building  up  the 
radiator.    The  front  of  the  section  shown  at  Fig.  141  is  provided 


252 


Questions  and  Answers 


with  a  series  of  vertical  strips  which  give  the  effect  of  the  convi 
al  hooey-comb  cooler.  When  water  is  circulated  in  large  pi 
there  is  no  retarding  effect  offered  by  the  friction  of  the  tubin 
and  aa  the  passages  are  direct  they  are  not  liable  to  become  c 
with  rust  or  other  foreign  matter  in  the  water.  The  disadva 
of  the  large  water  passages  are  that  a  greater  volume  of  w 
needed  on  account  of  the  reduced  cooling  effect.  When  w 
spread  out  in  thin  sheets  it  is  easy  to  cool  the  entire  mass  bu 


it  passes  through  tubes  of  large  bore  only  the  outside  of  the  i 
of  water  is  exposed  to  the  cool  walls  of  the  metal  tube  and  th 
core  remtuns  warm.  Water  coolers  having  large  tubes  are 
adapted  for  the  natural  or  thermo-syphon  cooling  systems. 

Q.     How  is  air  circulated  through  radiators? 

A.  The  usual  method  of  supplying  a  stream  of  air  is  to  ue 
form  of  simple  fan  placed  immediately  back  of  the  radiator  t 
tie  air  through  the  spaces  between  tbe  tM\>es'n^ia\ftUkthaai 
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where  the  radiator  is  carried  at  the  rear  of  the  hood,  as  shown  at 
Fig.  138,  a  fan  blade  flywheel  is  often  employed  to  produce  the  air 
draft. 

Q.  How  are  various  members  of  the  cooling  system  coupled 
together? 

A.  As  is  clearly  outlined  at  Fig.  134  the  various  members  of  a 
cooling  system  are  joined  together  by  means  of  rubber  and  metal 
piping.  Metal  pipe  is  used  at  all  points  where  the  members  are 
held  rigid  and  are  not  liable  to  vibrate,  while  rubber  hose  joins 
two  members  which  are  liable  to  have  motion  relative  to  each  other. 
For  instance,  in  practically  all  cars  the  radiator  is  joined  to  the 
water  jackets  at  the  motor  top  and  to  the  circulating  pump  by 
means  of  flexible  non-metallic  conductors.  If  metal  pipe  is  used, 
the  vibration  is  apt  to  crystallize  it  or  open  the  joints. 

Q.  How  are  ;tight  joints  insured  with  the  various  forms  of 
pipe? 

A.  Water  conductors  of  metal  are  usually  provided  with  flanged 
fittings  which  join  them  to  the  water  jackets  and  other  parts,  and 
a  tight  joint  is  insured  by  interposing  a  gasket  or  packing  member 
which  is  tightly  squeezed  between  the  pipe  flange  and  the  member 
to  which  it  is  connected  and  thus  forms  an  effective  seal  to  prevent 
leakage  of  water.  In  some  constructions  the  ends  of  the  metal  pipe 
are  pushed  into  a  suitable  opening  made  to  receive  them  and  a 
tight  joint  is  insured  by  a  packing  gland  and  hemp  wicking.  Tight 
joints  may  be  made  with  rubber  hose  by  using  the  regular  form  of 
hose  clamps  which  constrict  around  the  hose  and  bring  it  in  firm 
contact  with  the  pipe  over  which  it  is  slipped. 

Q.     Name  two  methods  of  constructing  water  manifolds. 

A.  Water  manifolds  may  be  cast  in  one  piece  or  may  be  built 
up  of  various  cast  fittings  and  lengths  of  tubing  joined  together 
by  a  brazing  or  soldering  process.* 

Q.  Why  are  built-up  metal  manifolds  preferable  to  cast 
manifolds? 

A,  .  The  usual  form  of  cast  manifold  unless  of  very  large  volume 
has  rough  interior  walls  that  are  apt  to  impede  the  flow  of  waiet 
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and  that  also  encourage  the  accumulation  of  foreiga  matter  beet 
projecting  particles  of  metal  serve  as  anchorage  points.  In  a  In 
up  manifold  the  castings  are  usually  so  small  that  one  has  so  d 
3ulty  in  cleaning  them  out  thoroughly  and  all  roughness  of  inte 
walls  may  be  removed.  The  tubing  has  smooth  walls  and  mt 
properly  built-up  manifold  one  provides  a  conductor  for  the  coo 
liquid  having  minimum  internal  resistance. 


Fig.  142.— Outlining  Method  of  Drivine  Radiator  CoolinE  Put.  A- 
Flat  Belt.    B — By  Enclosed  Shaft  and  Gearing. 

Q.  Name  the  various  forms  of  air  circulating  fans. 
A,  Air  fans  may  be  of  three  main  types.  The  most  commaii : 
is  a  six  blade  fan  having  the  blades  inclined  to  such  an  au^e 
they  draw  in  an  air  current  through  the  radiator.  Aoother 
made  in  twc  or  three  blades  is  based  more  on  the  lines  of  the 
pellers  used  in  marine  and  aeroplane  service.  The  third  type  is  f 
ed  'ntegral  with  the  flywheel  and  may  consist  of  spokes  ha 
fan  blade  curvature  and  angular  disposition  or  may  be  a  serii 
Madea  fastened  to  the  flywheel  peripWry. 
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Q.    How  are  circulating  fans  driven? 

A,  Air  circulating  fans  may  be  driven  by  positive  or  flexible 
means  depending  upon  the  preferences  of  the  designer.  Fans  have 
been  operated  by  positive  gearing,  such  as  bevel,  spur  and  spiral 
gears,  or  silent  chains  and  by  flexible  gearing,  such  as  round  steel 
wire  or  leather  belts  and  flat  and  V  leather  belt.  When  positive 
gearing  is  employed  in  connection  with  the  usual  form  of  built-up 
fan  it  is  customary  to  interpose  some  form  of  slipping  drive  between 
the  fan  hub  and  the  gearing  in  order  to  relieve  the  fan  of  any  sudden 
jerks  which  might  result  in  throwing  oflf  a  fan  blade  when  the  motor 
is  started  or  stopped  suddenly  or  when  accelerated  too  quickly. 
When  flexible  driving  means  such  as  belts  are  used  some  form  of 
automatic  belt  tension  regulator  is  included  in  the  design  in  order 
to  keep  the  belt  tight  and  insure  positive  drive.  The  flat  belt  is 
widely  used  on  account  of  its  simplicity  and  cheapness,  while  a 
V  belt  is  utilized  by  some  designers  because  it  will  furnish  more 
positive  drive  than  the  flat  belt  and  its  tension  does  not  have  to  be 
so  cMefuUy  regulated.  A  V  belt  will  drive  when  loose,  whereas  the 
flat  belt  is  apt  to  slip  under  the  same  conditiona. 


Fig.  14aa.— Simplicity  of  Air  Cooling  System  Used  on  Indian  Motor- 
cycle in  Which  Engine  is  Cooled  by  Air  Currents  Produced  by 
Vehicle's  Movement  Through  the  Air.  Compare  With  Water  Cool- 
ing Systems  to  Realize  Simplicity  of  Air  Cooling. 


LESSON  FIFTEEN 

USE  OF  CLUTCH  AND  VARIOUS  TYPES  DESi 

Q.  What  is  the  clutch  and  where  is  it  generally  pi 
A.  The  clutch  is  used  to  transmit  power  from  the  er 
gearset  and  is  a  form  of  drive  coupling  that  may  be  rel 
it  is  desired  to  allow  the  power  generating  and  energy  ti 
members  to  rim  independently  of  each  other.  A  tyi 
plant,  clutch,  and  gearset  assembly  is  outlined  at  Fig.  1 
parts  clearly  indicated.  The  power  generated  by  the  e 
the  gas  against  the  pistons  of  the  motor  imparts  a  rotary 
to  the  crankshaft,  and  from  thence  to  the  flywheel  whic 
connected  thereto.  The  motor  flywheel  serves  as  one 
the  clutch  and  is  machined  with  a  taper  into  which  the  c« 
member  of  the  clutch  fits.  The  cone  is  held  in  frictio 
with  the  fljrwheel  rim  by  a  spring  and  when  the  parts 
positions  indicated  practically  the  full  power  delivered 
gine  crankshaft  will  be  transmitted  through  the  clutch  < 
clutch  shaft  which  is  joined  to  the  main  shaft  of  the  g 
positive  drive  coupling.  If  the  cone  is  pulled  away  from  1 
rim  by  means  of  the  clutch  release  pedal  provided  for  t 
the  engine  crankshaft  may  run  independently  of  the  get 

Q.  Why  is  a  clutch  needed  with  a  gas  engine  an 
a  steam  or  electric  motor? 

A.  A  steam  or  electric  motor  may  be  started  under  h 
the  real  motive  power,  which  is  steam  or  electricity,  as  tl 
be  is  under  pressure  in  a  suitable  container  and  this  work 
may  be  directed  to  the  power  plant  and  sets  it  in  motioi 
)oad    Id  order  to  get  a  start  it  is  possible  to  supply  f 


ine,  Clutch  vid  Change  Speed  Geanet 
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power  if  this  is  necessary.  In  a  gas  engine  the  power  is  generated 
by  explosions  occurring  directly  in  the  cylinders  and  it  is  not  possible 
to  start  an  engine  of  this  kind  under  full  load.  In  order  to  start  the 
engine,  it  should  be  free  from  the  retarding  influence  of  the  car, 
and  for  this  reason,  it  is  necessary  to  interpose  the  clutch  between 
the  source  of  power  and  the  point  of  application  to  enable  the  en- 
gine to  be  started  independently  of  the  vehicle  it  propels.  Then 
again  it  would  be  inconvenient  to  be  constantly  stopping  the  motor 
every  time  one  desired  to  stop  the  car,  so  the  clutch  enables  one  to 
stop  the  car  and  the  motor  can  be  kept  in  operation  until  such  time 
it  is  desired  to  start  again,  when  the  clutch  may  be  re-engaged  and 
the  motor  power  again  directed  to  the  traction  members. 

Q.     What  is  the  principle  of  clutch  action? 

A.  Most  clutches  operate  because  of  frictionai  adhesion  of  vari- 
ous substances  under  pressure.  In  some  forms  the  power  is  trans- 
mitted by  the  actual  mechanical  interlocking  of  two  members,  one 
which  has  projecting  points  and  the  other  which  has  depressions 
made  to  receive  the  projections  of  the  opposing  member.  These 
clutches  are  known  as  positive  clutches,  while  those  which  depend 
on  frictionai  adhesion  are  termed  '^friction  clutches."  The  essential 
parts  of  all  clutches  are  the  same,  consisting  of  a  driving  membei 
attached  to  the  source  of  power,  a  driven  member  attached  to  the 
power  transmission  member  and  suitable  means  to  hold  this  into 
engagement  when  it  is  desired  to  transmit  the  4)0wer  and  separate 
them  when  it  is  necessary  for  the  engine  and  gearset  to  run  inde- 
pendently of  each  other. 

Q.     What  are  the  principal  types  of  friction  clutches? 

A.  Friction  clutches  may  be  divided  into  four  main  classes:  the 
cone,  plate,  multiple-disc  and  band  forms. 

Q.  Describe  construction  and  name  important  oarts  of  cone 
clutch. 

A.  A  typical  cone-clutch  assembly  with  the  main  parts  clearly 
indicated  is  outlined  at  Fig.  144  and  an  optional  arrangement  of 
parts  sometimes  used  is  depicted  at  Fig.  145.  The  driving  member 
of  the  clutch  is  formed  by  the  motor  flywheel,  while  the  driven 
member  is  a  cone  that  is  held  in  contact  with  the  tapei:\\x%  vKssset 
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periphery  by  means  of  a  heavy  spring  connected  in  such  a  wtQi*! 
it  is  restrained  from  end  movement  bj  a  suitable  means  of  fas 
to  the  crankshaft.  As  long  as  the  spring  keeps  the  clutch  c 
contact  with  the  flywheel  and  the  spring  is  permitted  to  e 
fiill  pressure,  the  clutch  cone  and  flywheel  are  firmly  locked  to( 
to  form  practically  a  rigid  coupling.  When  it  is  desired  1 
lease  the  clutch  a  shifting  yoke  carrying  clutch   release   : 


-JUafar  flftf  lUft  a  e// 


Fig.  144.— Cone  Clutch  Used  on  Pope-Hartford  Motor  Cars- 
adapted  to  bear  against  an  upstanding  flange  attached  to  the  cluteh 
cone  and  to  pull  the  cone  out  of  engagement  with  the  motor  fly- 
wheel by  compressing  the  clutch  spring. 

The  form  of  cone  clutch  shown  at  Fig.  145  is  known  as  the  invat- 

ed  type  because  the  clutch  cone  is  held  in  contact  by  a  sidog 

pushing  the  cone  away  from  the  &ywV«ft\  mxA  \iKTOyt «»  inT<rtea 

taper  so  that  the  more  the  cone  is  piiaheA  wwM  VTom,  Vna  ^t^mA. 
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the  greater  will  be  its  degree  of  frictional  adhesion  with  the  applied 
ring  that  serves  as  a  female  eluteh  member.  To  release  a  eluteh 
of  this  type  it  is  necessary  to  push  the  cone  toward  the  flywheel, 
while  in  the  forms  shown  at  Fig.  144  it  is  necessary  to  pull  the 
clutch  cone  away  from  the  flywheel. 

Q.  What  is  the  female  mem- 
ber, and  how  is  it  made  P 

A.  The  female  member  of  a 
cone  clutch  is  usually  the  driv- 
ing portion  and  is  made  of  cast 
iron,  either  in  the  form  of  an 
applied  ring  machined  with  an 
internal  taper,  as  shown  at  Fig. 
145,  or  it  may  be  integral  with 
the  motor  flywheel  as  is  com- 
mon practice.  When  the  in- 
verted type  of  clutch  is  used,  it 
is  necessary  to  bolt  th?  female 
member  in  place  to  the  flywheel, 
as  shown  at  Fig.  145. 

Q,  What  is  the  cone  made  of.' 

A.  The  clutch  cone  is  usually 
a  light  aluminum  casting  or  a 
sheet  steel  stamping. 

Q.    What  is  the  angle  of  the     Fig,  145. — Simple 
cone  taper  and  why? 

A.  The  usual  angle  employed  for  clutch  cone  is  twelve  and  one- 
half  degrees  and  this  is  used  because  it  is  the  least  that  can  be  utilized 
and  have  a  clutch  that  will  release  promptly  and  yet  not  require 
excessive  spiing  pressure  to  keep  the  parts  in  contact  when  trans- 
mitting power.  More  gradual  tapers  are  apt  to  produce  wedging  and 
make  it  difficult  to  release  the  clutch  promptly,  while  more  abrupt 
tapers  will  cause  the  clutch  to  slip,  unless  the  parts  are  held  to- 
gether by  considerable  spring  pressure. 

Q.    Why  is  it  desirable  to  make  the  cone  as  light  as  possible? 

A.     The  clutch  cone  is  usually  made  light  so  that  it  will  not  SQin. 
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or  rotate  appreciably  after  it  has  been  released  from  the 
member.    The  heavier  the  clutch  cone,  the  greater  will  be  itsii 
or  tendency  to  revolve,  due  to  the  power  stored  in  its  rim. 

Q.    What  materials  are  used  to  face  the  clutch  cone  with? 

A.  The  clutch  cone  is  usually  faced  with  a  good  grade  of 
tanned  sole  leather  though  in  some  cases  asbestos  fabrics  have 
used  with  success.  In  some  constructions  the  cone  is  of  mc 
studded  with  cork  inserts,  though  as  a  rule  the  cone  is  faced 
leather  even  if  cork  inserts  are  used.  Materials  are  used  for  It 
that  are  not  likely  to-be  affected  by  oil  or  heat  and  that  have  a 
coefficient  of  friction  with  cast  iron  of  which  the  female  member' 
invariably  composed.  ] 

Q.     What  does  "coefficient  of  friction"  mean? 

A.  The  "coefficient  of  friction''  is  a  term  used  to  indicate  th 
amount  of  frictional  adhesion  various  materials  have  for  each  othe 
under  similar  conditions  of  pressure. 

Q.  Name  the  "coefficient  of  friction"  of  various  surfaces! 
contact. 

A.  A  table  of  triction  coefficient  of  various  materials  comi»k 
from  tests  made  by  the  Cork  Insert  Co.  follows: 

MATERIAL  COEPPiaM 

Metal  and  Cork  on  dry  metal 0.35 

Leather  and  Cork  on  oily  metal 0.32 

Fiber  and  Cork  on  oily  metal   

Fiber  on  dry  metal      0. 27 

Fiber  on  oily  metal 0. 10 

Leather  on  dry  metal 0.23 

Leather  on  oily  metal 0. 16 

Charred  leather  on  oily  metal 0.08 

Metal  against  dry  metal 0. 15 

Metal  on  oily  metal 0. 07 

The  coefficient  will  vary  with  condition  of  the  contacting  81 

face.    Smooth  and  hard  surfaces  offer  less  resistance  than  rough  « 

yielding  ones.    In  metal  to  metal  clutches  different  materials  I 

usually  employed  for  the  opposing  SMtiace^  «vifc\i^a\«wiafc  w&^ 
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in  multiple  disc  clutches  or  cast  iron  or  bronze  and  steel  in  three 
plate  types.  A  coefficient  of  friction  of  0.10  means  that  the  adhesion 
between  the  surfaces  will  be  10%  of  the  total  pressure  producing 
frictional  contact.  Therefore,  a  combination  leather  and  cork 
friction  facing  acting  against  dry  cast  iron,  as  in  a  cone  clutch, 
and  having  a  coefficient  of  0.35  will  adhere  to  the  member  against 
which  it  contacts  with  a  force  equal  to  about  H  of  that  keeping  the 
surfaces  in  contact. 

Q.     How  is  clutch  cone  kept  in  contact  with  female  member? 

A.  The  clutch  cone  in  practically  all  cases  is  held  in  engagement 
with  the  female  member  by  the  pressure  of  one  or  more  coil  springs. 
In  some  constructions  the  clutch  cone  is  brought  into  engagement 
by  means  of  levers  actuated  by  some  member  that  can  be  locked  in 
place  to  hold  the  parts  in  contact  until  released. 

Q.     What  is  the  function  of  the  ball  thrust  bearing? 

A.  As  will  be  observed  by  referring  to  Figs.  143  to  145  in  no  case 
is  the  spring  pressure  applied  directly  to  the  clutch  cone  and  a  ball 
thrust  bearing  is  always  interposed  to  take  the  spring  thrust  against 
the  cone.  This  is  used  in  order  to  permit  the  parts  to  operate  in- 
dependently of  each  other  when  the  clutch  cone  is  moved  so  the 
spring  is  compressed.  The  ball  thrust  bearing  has  so  little  friction 
that  the  full  spring  pressure  may  be  exerted  against  it  without 
causing  rotation  of  the  cone  when  that  member  is  out  of  engage- 
ment with  the  flywheel  rim.  If  no  ball  thrust  bearing  was  used  when 
the  clutch  cone  was  pushed  away  from  the  female  member,  the 
spring  in  contact  with  the  driving  member  would  tend  to  implart 
its  rotary  motion  to  the  clutch  cone  and  keep  it  turning  when  it 
is  desirable  to  have  it  stop  when  released. 

Q.     What  are  the  advantages  of  the  cone  clutch? 

A.  The  cone  clutch  is  a  very  simple  form  that  is  easy  to  operate 
and  understand.  When  properly  designed  it  will  transmit  the 
entire  power  of  the  motor  to  which  it  is  applied  without  slipping 
and  it  can  be  made  to  release  promptly  and  to  engage  gradually 
if  desired. 

Q.    What  is  the  main  disadvantage  of  a  cone  clutch? 

A.     Owing  to  the  mass  of  the  clutch  cone  and  its  leatbet  i^\s\s^ 
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there  is  a  tendency  for  the  cone  to  continue  to  rotate  when  rele 
from  driving  engagement  with  the  flywheel.    The  rim  of  evenfl 
lightest  cone  and  its  leather  facing  have  appreciable  WBgbt,  ■ 
while  this  is  not  much  it  is  carried  at  a  sufficiently  larg€  n 
from  the  center  so  the  cone  has  considerable  momentum  &nd  « 
to  some  extent,  as  a  flywheel.     This  continued  rotation  is  o 
"epinning"  and  is  objectionable,   because  it  makes  gear  shiftb|r 
difficult. 


Q.     How  is  "spinning"  prevented? 

A.  Continued  rotation  of  the  clutch  cone  is  easily  prevented  1^ 
applying  some  form  of  braking  member  which  will  come  in  contad 
with  the  revolving  cone  after  it  has  been  pulled  clear  of  the  fiywbed. 
A  simple  clutch  brake  is  shown  at  Fig.  146.  The  friction  pad  i 
is  carried  by  the  clutch  shifter  yoke  B  in  such  a  way  that  it  eomB 
in  contact  with  the  clutch  cone  only  when  this  has  been  withdram 
a  certain  distance  by  the  yoke  P  and  the  rnlla  G,  as  previouriy 
described.    Suitable  adiustmeD.t&  axe  pi(m&e\  vh  C,  ^t  »&%,« 
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the  friction  pad  may  be  brought  into  engagement  with  the  cone 
at  any  time  that  is  desirable  and  in  order  to  compensate  for  weai 
or  other  depreciation  of  the  friction  pad  A. 

Q.     Describe  three  plate  clutch  and  explain  its  action. 
A.     Two  forms  of  three  plate  clutches  are  in  general  use;  that 
outlined  at  Fig.  147  uses  a  large  number  of  small  springs  to  produce 
the  pressure  required  to  keep  the  parts  in  contact,  while  the  form 
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Fig.  147.— Principal  Parts  of  Knox  Three-Plate  Clutch. 

depicted  at  Fig.  148  utilizes  one  main  spring.  A  three  piate  clutch 
is  so  called  because  the  central  driven  member  serving  to  drive  the 
clutch  shaft  connected  to  the  gearset  is  sandwiched  in  between 
driving  plates  carried  by  the  flywheel.  In  the  Knox  clutch  shown  at 
Fig.  147  the  clamping  pressure  to  keep  the  driving  plates  in  firm 
contact  with  the  driven  plate  is  obtained  from  a  series  of  clutch 
springs  carried  near  the  flywheel  rim.  As  the  total  pressure  exerted 
by  these  springs  is  somewhere  in  the  neighborhood  oi  «.  ^^I'^j'^auxA. 
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Fig.  148.— Showing  Construction  of  Three-Katc  Clutch  in  Which 
Spring  Pressure  is  Augmented  by  Levers  to  Increase  Adhesion 
Between  Clutch  MemberH. 

poundB  it  is  necessary  to  provide  some  form  of  leverage  so  the  inner 
and  outer  driving  plates  may  be  separated  without  undue  exertion 
on  the  part  of  the  operator.  As  will  be  evident  in  the  clutch  shown 
St  Fig.  147  any  pressure  exerted  against  the  long  arms  of  the  levers 
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will  be  multiplied  many  times  and  comparatively  little  effort  is 
needed  on  the  part  of  the  operator  to  push  the  levers  in  toward  the 
flywheel  and  transfer  the  multiplied  pressure  through  the  pins 
which  extend  through  the  outer  driving  plate  and  into  the  inner 
driving  plate  to  compress  the  springs  and  thus  relieve  the  driven 
plate  from  contact  with  either  of  the  driving  plates  between  which 
it  is  normally  held. 

In  the  clutch  outlined  at  Fig.  148  the  spring  pressure  is  made 
light  enough  so  that  it  may  be  compressed  without  difficulty  by  the 
operator  but  its  effective  pressure  or  that  brought  to  bear  against 
the  outer  driving  plate  is  multiplied  about  six  times.  In  this  clutch 
the  flywheel  web  is  faced  off  to  serve  as  one  driving  surface  and  a 
clutch  brake  is  provided  so  spinning  of  the  driven  plate  may  be  pre- 
vented when  the  clutch  release  collar  is  pushed  back  against  the 
revolving  disc  keyed  to  the  clutch  shaft.  Whereas  the  average 
spring  pressure  of  a  cone  clutch  is  seldom  over  three  hundred  pounds 
that  of  a  three  plate  form  is  much  higher  as  greater  pressure  is 
needed  to  hold  flat  surfaces  in  engagement  than  is  required  to  drive 
through  a  male  and  female  cone  combination.  The  three  plate 
clutch  has  an  important  advantage  in  that  it  releases  positively 
and  will  engage  gradually.  Its  main  defect  is  that  it  requires  a 
large  diameter  driven  plate  which  brings  up  the  same  objection 
offered  against  the  cone  clutch,  that  of  spinning,  which  however 
can  be  taken  care  of  in  the  same  manner. 

Q.     What  materials  are  used  in  three  plate  clutches? 

A.  The  two  driving  plates  which  are  carried  by  the  flywheel  are 
either  of  steel  or  cast  iron  with  smoothly  finished  surfaces  while 
the  driven  member  may  be  either  of  cast  iron  or  bronze  studded 
with  a  large  number  of  cork  inserts,  which  increase  the  frictional 
adhesion  and  make  for  smooth  engagement.  Either  of  the  three 
plate  clutches  described  may  be  run  in  an  oil  bath  as  the  entire  clutch 
mechanism  is  fully  protected  by  the  casing  formed  in  the  flywheel 
interior  by  the  application  of  a  suitable  cover  bolted  to  the  flywheel 
rim.  In  the  Knox  clutch  the  flywheel  cover  serves  as  one  of  the 
driving  members  but  in  that  at  Fig.  148  the  cover  is  a  separate 
member  serving  only  to  enclose  the  clutch  parts.  The  inset  at  A, 
Fig.  148,  shows  a  method  of  insuring  prompt  release  of  tfc.^  ^\n^». 


Questions  and  Answers 


plates,  by  means  of  small  coil  springs  which  are  placed  betit 
the  two  driving  plates  and  which  serve  to  push  these  out  of  engn 
ment  with  the  driven  plate  as  soon  as  the  mEun  spring  pnssun 
releaeed. 

Q.    What  is  a  five  plate  clutch? 

A.     A  typical  five  plate  clutch  is  outlined  at  Fig.  149,    Tiu 


C/c/^/fCoae 


C/TCf/7/r  S^af^ 


Fig,  149.— Simple  Form  of  Five-PUte  Clutch. 

practically  the  same  in  construction  and  operation  as  the  three 
pattern  shown  at  Fig.  148  with  the  exception  that  two  driven } 
and  three  driving  plates  are  used.  A  five  plate  clutch  offers 
surface  than  a  three  plate  type  and  may  be  made  Bomewhat  m 
in  diameter  and  use  less  spring  pressure  if  employed  to  Ira 
tile  same  power. 
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Fig.  150. — Sectional  View  of  Multiple  Disc  Clutch  Designed  to  Run 
inOU. 
Q.    What  is  the  multiple  disc  clutch? 

A.  Multiple  disc  clutches,  one  of  which  is  shown  in  section  at 
Fig.  150  and  another  form  with  all  parts  disconnected  to  show  the 
arraignment  at  Fig.  151,  is  a  plate  clutch  in  which  small  diameter 
discs  are  employed  instead  of  the  larger  diameter  plates  used  in  the 
three  and  five  plate  forms.  In  general  principle  of  operation  the 
multiple  disc  is  similar  to  the  other  plate  forms  and  the  reduction 
in  diameter  is  compensated  for  by  using  a  larger  number  of  surfaces 
in  contact.  A  series  of  driving  plates  are  carried  by  and  turn  with 
a  casing  member  attached  to  the  Qywheel,  while  a  slightly  smaller 
number  of  driven  plates  are  carried  by  a  central  member  which  is 
independent  of  the  flywheel  when  the  clutch  is  released  and  which 
is  joined  to  the  gearset  drive  shaft.    The  discs  are  ke^t  vo.  (^-c&Ai^ 


^8  Questions  and  Answers 

by  pressure  of  a  coil  spring  agunst  a  pressure  plate,  which  pna 
agfunst  the  outer  driving  plate  and  holds  the  entire  disc  assenill 
into  firm  engagement.  Obviously  as  long  as  the  discs  are  heldl 
gether  the  engine  power  must  be  transmitted  from  the  clutch  0 
attached  to  the  flywheel  through  the  disc  assembly  to  the  centi 
member  carrying  the  driven  plate  and  attached  to  the  gem 
drive  shaft.  To  release  the  multiple  disc  clutch  the  spring  is  eo 
pressed  enough  to  allow  the  driven  plates  to  turn  freely  betw 
the  driving  plates. 


Q.     How  many  types  of  multiple  disc  clutch  are  used. 

A.  Multiple  disc  clutches  may  be  of  the  all  metal  disc  t 
which  are  designed  to  run  in  a  bath  of  lubricant,  or  of  the  dry] 
pattern  where  one  set  of  plates,  usually  the  driven  members 
faced  with  some  material  designed  to  have  greater  frictioual  c 
ities  than  metal  surfaces  when  run  without  lubrication.  One  I 
of  multiple  disc  clutch,  that  shown  at  Fig.  152,  differs  frcon  the 
ventional  form  in  that  the  clutch  discs  are  stamped  out  so  the 
/aces  in  contact  are  in  the  form  of  a  cone.  In  general  coostrui 
this  clutch  follows  conventional  desigji. 
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Pig.  152. — Sectional  View  of  Hele-Shaw  Multiple   Disc   Clutch  and 
Efficient  English  Design. 

Q.     Describe  advantages  of  multiple  disc  clutches. 

A.  The  most  important  advantage  of  a  multiple  disc  clutch  la 
that  it  is  small  and  compact,  and  ita  construction  such  that  very  grad- 
ual engagement  is  attained.  Owing  to  the  large  number  of  friction 
surfaces  and  the  presence  of  a  film  of  oil  between  each  pair  of  sur- 
faces it  is  practically  impossible  for  a  clutch  of  this  pattern  to  w^ 
gage  harshly,  as  the  spring  pressure  must  first  squeeze  out  the  film 
of  oil  between  each  pair  of  plates  before  the  friction  adhesion  ii 
great  enough  to  drive  positively.  Owing  to  the  small  size  and  rel- 
atively light  weight  of  the  driven  plate  assembly  this  is  not  liable 
to  spin  as  is  the  heavier  cone  or  three  plate  clutches,  but  to  offset 
this  advantt^e  there  is  a  liabihty  of  dragging,  due  to  the  adhesive 
properties  of  the  oil  film  present  between  the  plates. 
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Q.  What  materials  are  used  in  multiple  disc  clutches 
A.  The  discs  of  multiple  disc  clutches  designed  to  o] 
an  oil  bath  are  usually  thin  stampings  from  saw  steel  shec 
are  hardened  and  ground  to  a  true  surface.  In  some  clu 
plates  are  all  steel  and  in  other  forms  the  driving  memb« 
steel  while  the  driven  plates  are  stamped  from  phosphc 
sheets.  In  dry  plate  clutches  the  driven  plates,  which  ■ 
with  Raybestos  or  other  suitable  friction  material,  are  ste 
ings  while  the  driving  plates  may  be  either  steel  stamping 
iron  plates.  In  some  dry  plate  forms  the  driving  membert 
iron  while  the  driven  plates  are  of  bronze  studded  with  cor 
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Q.     What  is  a  positive  clutch? 

A.  The  forms  of  clutches  in  which  projecting  membe 
depressions  in  the  coacting  part  and  which  act  as  positiv( 
jcal  locks  are  termed  "positive  clutches." 

Q.    Are  positive  clutches  ever  used  alone? 

A.  Positive  clutches  are  always  used  in  connection  witl 
■dutch  of  the  friction  type  because  they  would  be  much 
in  action  and  impose  cona.derable  stroin  on  the  power  ; 
^AosmissioD  parts  if  used  alone. 
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Q.  What  types  of  band  clutches  have  been  used  and  how  do 
they  operate? 

A.  Band  clutches  have  been  made  in  two  forms,  the  internal 
expanding  and  external  constricting  types.  The  former  is  seldom 
used  at  the  present  time  because  it  is  a  very  difficult  type  to  balance 
properly  and  to  keep  in  proper  adjustment.  The  external  band 
form  outlined  at  Fig.  153  is  used  on  the  Haynes  car  and  it  consists 
of  a  metal  clutch  band  adapted  to  constrict  around  a  drive  ring 
attached  to  the  flywheel.  The  band  is  tightened  by  means  of  a 
constricting  lever  operated  by  a  cam  or  inclined  plane  member 
pressed  forward  by  a  coil  spring.  In  operation  the  external  band, 
which  is  attached  to  the  gearset  drive  shaft,  clamps  tightly  around 
the  drive  ring  while  the  internal  band  form  spreads  out  against  the 
internal  periphery  of  a  similar  drive  ring  integral  with  the  flywheel. 

Q.  What  are  the  essential  requirements  of  clutches  and 
which  type  meets  most  of  the  requirements? 

A.  A  clutch  must  be  simple  to  construct,  apply  and  operate 
and  it  must  be  capable  of  transmitting  the  maximum  engine  power 
in  a  positive  manner.  It  must  release  promptly  and  yet  it  should 
not  engage  too  harshly.  It  should  be  of  such  form  that  any  wear 
occurring  will  be  automatically  taken  up  and  it  should  be  easy  to 
restore  the  frictional  materials  when  these  deteriorate.  Practic- 
ally all  of  these  requirements  are  met  by  the  friction  clutch  in  any 
of  its  forms  and  the  cone  form  owing  to  its  simplicity  and  strength 
of  parts  is  the  most  favored  of  all  clutch  types. 


LESSON  SIXTEEN 

THE  FRICTION  TRANSMISSION 

Q.     Why  is  change  speed  gearing  necessary  on  gasolin 
mobiles  P 

A,     The  gasoliDG  engine  develops  power  in  direct  proportion  to  I 
its  speed  up  to  a  certain  point  and  it  will  slow  down  whenever  u  I 
overload  is  applied.     More  power  is  needed  to  climb  hills  than  ii  I 
used  to  propel  the  car  on  the  level  and  if  the  gasoliiiQ  engine  ma  | 
directly   attached   to  the   rear  wheel  with  a  definite  unvarii^e  1 
ratio  it  would  not  be  possible  to  climb  hills  unless  this  reduction  1 
of  speed  between  engine  shaft  and  rear  wheels  was  very  low.    When  I 
conditions  were  favorable,  such  as  when  the  resistance  to  motion 
was  slight,  as  on  smooth  level  highways,  the  low  reduction  provided 
would  be  too  slow  and  the  car  speed  would  be  limited  to  that  per-   ' 
mitted  by  the  gear  ratio.    At  the  other  band  if  the  gear  ratio  wss 
higher  to  permit  more  speed  under  favorable  conditions  it  would 
be  too  high  for  hill  climbing  or  propelling  the  car  over  rough  road 
surfaces.     In  order  to  enable  the  power  plant  to  develop  its  full 
power  it  is  customary  to  provide  some  form  of  change  speed  gearing 
to  permit  of  altering  the  ratio  of  drive  between  the  engine  and  the 
rear  wheels  to  suit  road  conditions.    The  usual  ratio  on  the  direct 
drive  or  highest  speed  varies  from  three  to  one  to  five  to  one  is 
pleasure  cars  and  may  go  as  high  as  ten  to  one  on  heavy  vehicles. 
This  means  that  the  engine  crankshaft  will  make  from  three  to  t«n 
turns  while  the  rear  wheels  are  revolving  once.     As  a  gasoline  en- 
gine is  not  reversible  it  is  customary  to  incorporate  gearing  that 
will  permit  of  reversing  the  car  motion  in  the  change  speed  geu  set 
Q.     Why  are  electric  and  steam  automobiles  without  cbuigfl 
speed  gearing? 
A,     It  baa  been  previously  explained  t\is&  ste&m.  engines  or  eleo-    ' 
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trie  motors,  which  derive  their  power  from  stored  energy,  are  cap- 
tble  of  operating  at  an  overload  and  while  their  speed  of  rotation 
may  be  reduced  it  is  possible  to  obtain  the  rated  horse-power  by 
sdmitting  more  steam  to  the  cylinder  or  more  current  from  the  stor- 
age battery  to  the  windings  of  the  motor.  Either  the  steam  engine 
wthe  electric  motor  is  capable  of  being  reversed;  by  changing  the 
direction  of  flow  of  the  energizing  agent  in  the  case  of  the  electric 
motes',  by  a  simple  shifting  of  valves  in  the  steam  engine.  This 
flexibility  of  steam  and  electric  power  enables  the  manufacturer 
a  these  cars  to  dbpense  with  change  speed  or  reverse  gearing. 


Q.  What  is  the  simplest  method  of  obtaining  speed  reduc- 
tion? 

A.  The  simplest  method  of  obtaining  speed  changes  and  one 
ibat  will  provide  a  large  range  of  speed  variations  is  by  using  fric^ 
ion  discs  or,  as  they  are  sometimes  called,  friction  gearing. 

Q.     What  is  friction  gearing  ? 

A.  Friction  gearing  in  its  simplest  form  consists  oi  titm.^Tit'ywt, 
vhaeia  into  ftiotioaal  contact  with  each  other  and\ioVi«i?,'OWEva."M 
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contact  with  sufficient  pressure  so  the  driving  wheel  will  cause 
member  against  which  it  bears  to  rotate  as  well.  The  simi 
form  of  friction  gear  is  the  face  friction  drive. 

Q.     Describe  parts  of  face  friction  gearing. 

A.     A  typical  face  friction  gear  that  has  given  good  results  ia 
practice  is  shown  at  Fig.  154  and  all  parts  are  clearly  depicted  Bi^ 
the  illustration.     The  engine  drives   an   aluminum  face  driviiifl 
member  with  its  face  at  right  angles  to  the  engine  crankshaft.   Tli  j] 
driven  member  is  a  fiber  faced  wheel  carried  by  a  cross  shaft  whick : 
extends  across  the  frame  and  which  is  carried  in  suitable  bearings 
attached  to  the  frame  sides.     This  countershaft  carries  the  driv- 
ing sprocket  and  is  parallel  to  the  face  of  the  aluminum  driving 
member.    The  fiber  face  driven  wheel  can  be  moved  back  and  forth 
across  the  face  of  the  driving  member  by  suitable  leverage  connected 
with  the  control  handle.     The  direction  of  countershaft  rotatifm 
and  its  speed  relative  to  the  engine  crankshaft  is  determined  by  the 
position  of  the  fiber  face  driven  wheel  relative  to  the  center  of  the 
driving  member. 

Q.     How  is  clutching  effect  obtained? 

A.  The  aluminum  face  driving  member  is  capable  of  bang 
brought  into  contact  with  the  driven  wheel  or  moved  away  from 
it  at  the  will  of  the  operator.  The  amount  of  pressure  betweoi 
the  two  members  may  be  varied  by  a  pedal.  When  the  discs  are 
brought  into  contact  the  drive  is  taken  up  and  power  is  transmitted 
from  one  member  to  the  other  and  as  soon  as  the  discs  are  separated 
the  drive  will  be  interrupted.  The  operator  can  control  the  amount 
of  pressure  and  consequently  the  amoimt  of  drive  to  a  nicety  and 
consequently  a  gradual  power  application  may  be  obtained. 

Q.     How  is  the  car  reversed? 

A.  The  process  of  reversing  is  easily  accomplished  by  pushing 
the  fiber  face  driven  wheel  over  to  one  side  of  center  of  the  aluminum 
face  driving  member.  As  indicated  in  Fig.  154  the  driven  whed 
is  placed  to  the  left  of  center,  which  is  a  position  giving  forward 
drive.  If  moved  toward  the  right  of  center  or  toward  the  driving 
chain  sprocket  the  countershaft  will  revolve  in  an  opposite  diree- 
tjon  to  the  way  it  rotates  when  the  dtYvea  ^t  \a  \si  \nrR«K4.  4m» 
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position  and  as  a  result  the  direction  of  rotation  of  the  rear  wheels 
would  be  reversed  and  the  car  would  be  driven  backward. 

Q.     How  are  speed  changes  effected? 

A.  The  aluminum  face  driving  member  and  the  fiber  face  driven 
wheel  contacting  with  it  are  practically  of  the  same  size  and  when 
the  driven  member  is  moved  to  its  extreme  position  at  the  left  of 
the  countershaft  that  member  is  turning  at  practically  the  same 
speed  as  the  engine  crankshaft.  As  the  fiber  face  driven  disc  is 
moved  toward  the  center  of  the  driving  member  the  speed  of  the 
countershaft  decreases  until  center  is  reached  where  the  shaft  will 
not  turn  in  either  direction.  The  nearer  the  center  of  the  disc  the 
fibre  faced  wheel  bears  the  greater  the  reduction  of  speed  between 
the  engine  crankshaft  and  the  countershaft.  Assume,  for  example, 
that  both  driving  and  driven  members  were  twenty-four  inches  in 
diameter.  If  the  driven  disc  is  brought  to  bear  against  the  alumi- 
num driving  member  at  a  point  two  inches  from  the  center  it  would 
be  just  as  though  a  foiu*  inch  diameter  wheel  was  employed  to  turn 
one  twenty-four  inches  in  diameter.  The  result  would  be  that  the 
engine  shaft  would  tiu'n  six  times  as  fast  as  the  countershaft  If 
the  driven  disc  was  moved  so  it  contacted  with  a  point  on  the  driv- 
ing member  at  a  radius  of  four  inches  from  center  it  would  be  the 
same  as  though  the  twenty-four  inch  driven  disc  was  turned  by  a 
wheel  eight  inches  in  diameter  and  the  countershaft  would  turn  at 
one-third  the  speed  of  the  engine  crankshaft. 

Q.     What  material  is  used  for  the  driving  member? 

A.  The  driving  member  is  usually  a  cast  iron  flywheel,  which  is 
faced  with  an  aluminum  alloy  or  copper-aluminum  alloy  plate 
attached  to  the  driving  member  casting  by  means  of  countersunk 
head  machine  screws. 

Q.     What  material  is  used  for  the  driven  member? 

A.  The  driven  member  is  usually  a  cast  iron  wheel  provided 
with  flanges  between  which  a  ring  of  straw  board  fiber  is  clamped, 
the  metal  portions  of  the  wheel  serving  merely  as  a  carrier  for  the 
fiber  driving  ring.  Experiments  have  demonstrated  that  the  com- 
bination of  aluminum  and  strawboard  fiber  has  a  higher  coeflSLcvK^ 
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of  friction  or  greater  adhesion  and  endurance  than  any  otl 
mon  materials. 

Q.     How  long  does  a  friction  fiber  ring  last? 

A.  The  life  of  a  friction  fiber  ring  depends  upon  the  ai 
pressure  with  which  the  driving  and  driven  members  are 
contact.  Under  average  conditions  a  fiber  ring  will  lasl 
thousand  miles,  but  as  they  are  cheap  and  easily  renei!« 
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Fig.  155. — Friction  Drive  Set  Utilizing  Double  Disc  Princ 

replacement  is  not  considered  a  disadvantage  of  sufficient 
to  condemn  that  form  of  drive. 

Q.    What  are  the  limitations  of  friction  gearing? 

A.     As  a  rule,  friction  gearing  will  not  transmit  powe 

ciently  or  as  positively  as  the  geared  transmission  on  ac 

the  loss  of  power  due  to  slipping  between  the  discs.    Th< 

disc  type  oi  transmission  is  not  suitable  for  transmitting  lar 

unless  it  is  made  very  bulky  and  expetience  \i«a  dkKssiv>ifflto 
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aa  reliable  for  general  application  as  toothed  forms  of 

"hat  advantages  does  friction  gearing  offer? 
ction  gearing  offers  important  advantt^es  in  that  it  is 
irated  by  the  novice,  is  simple  in  construction  and  not 
njury  by  careless  operation.  The  face  friction  type  offers 
}  number  of  drive  ratios  and  may  be  so  constructed  as  to 
as  many  ratios  in  one  direction  as  in  the  other.  .  As  speed 


/jQ^      OrlveShary 

Scaring 
/       jGectrs 


^/?eyerse  Cope 


and  clutching  functions  are  combined  in  one  device,  the 
of  operation  may  be  easily  understood  by  people  with' 
3UB  mechanical  experience. 

9W  can  friction  gearing  be  used  for  transnutting  large 
of  power? 
SnUoo  s^aiB  bsve  been  devised  that  are  ca^siAe  o\  "wmisi- 
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mitting  more  power  than  the  simple  face  friction  gearing  preyioi 
described  by  using  more  discs  in  order  to  obtain  a  greater  dri^ 
surface.     The  form  shown  at  Fig.  155  utilizes  two  driving 
A  and  B  driven  by  the  engine  and  two  driven  discs  A  and  B  atl 
to  a  countershaft  divided  in  the  center  and  supported  by  a 
so  that  it  virtually  becomes  two  countershafts.     Driven  disc 
which  contacts  with  the  driving  disc  A  only  turns  sprocket  A  wl 
driven  disc  B  contacts  with  driving  disc  B  only  and  drives  sprocbtl 
B.    The  various  speed  ratios  are  obtained  by  moving  the  clriv(*| 
discs  simultaneously,  the  principle  of  speed  reduction  being  the 
same  as  with  simple  face  gearing.    Reverse  motion  is  provided  by 
auxiliary  gearing. 

The  friction  gearing  shown  at  Fig.  156  is  a  form  which  uses  ■ 
beveled  driving  and  driven  members  but  this  method  of  constnio- 
tion  does  not  provide  an  infinitely  variable  number  of  speed  re- 
ductions.    The  form  shown  gives  only  two  forward  speeds  and  ft 
reverse  motion.     Three  cones  are  mounted  on  the  driven  shaft, 
which  is  turned  by  the  engine,  each  of  these  being  actuated  by  in- 
dependent means  so  that  they  may  be  brought  into  action  with 
corresponding  faces  of  the  driven  wheels  A  and  B,    When  the  low 
speed  cone  is  brought  into  action  with  the  larger  beveled  face  the 
greatest  reduction  of  speed  is  obtained.    When  this  is  released 
from  contact  and  the  high  speed  cone  is  pushed  into  engagement 
with  the  small  diameter  beveled  faces  the  highest  ratio  of  drive  is 
provided.    The  reverse  cone  is  brought  in  contact  with  the  large 
diameter  bevel  surface  and  driven  wheels  A  and  B  reverse  the  diree- 
tion  of  motion  of  the  drive  sprockets  which  transmit  power  to  the 
wheels  by  chain  connection.    It  will  be  observed  that  driven  whed 
A  is  not  attached  to  the  sprocket  as  is  driven  wheel  fi  but  that  the 
sprocket  is  turned  by  means  of  a  pair  of  spur  gears  which  reverse 
the  motion  of  driven  wheel  A  and    cause  both  sprockets  to  turn 
in  the  same  direction.  , 

Q.     Has  friction  drive  ever  been  applied  directly  to  rear  axle? 

A.     A  form  of  friction  drive  in  which  the  change  speed  and  driv- 
ing mechanism  has  been  applied  directly  to  a  rear  axle  is  shown  at 
Fj£:.  157.    The  driving  disc  A  in  this  case  is  the  fiber  faced  member 
snd  slides  on  the  squared  shaft  H  'wYvieti  \s  4m^xiltQn3L>2bfc  ^scislfsft 
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by  the  usual  form  of  propeller  shaft.  The  driven  discs  B 
are  adapted  to  be  brought  out  of  engagement  with  the 
member  A  by  means  of  the  actuating  collars  M  connected  tc 
able  pedal.  The  driven  wheels  B  and  C  are  normally  kept  in 
ment  with  the  driving  member  A  by  means  of  springs  surrc 
the  axles  /  and  J  and  transmitting  their  pressure  throu 
thrust  bearings  against  the  hubs  of  the  driven  wheels  B 
Wheel  B  is  attached  to  axle  I  by  means  of  a  key  and  drives  1 
pinion  D  which  meshes  with  the  spur  gear  E  attached  to  th 
hub  N  which  rotates  on  the  stationary  axle  K.  The  drive 
C  is  attached  to  axle  J  in  a  similar  manner  and  rotates  t 
pinion^  F  which  meshes  with  an  internal  spur  gear  G  atta 
the  hub  of  the  wheel  0.  This  wheel  revolves  on  the  fixed 
It  will  be  noted  that  driven  members  B  and  C  are  provide( 
recess  at  their  center  and  when  the  wheel  A  is  moved  into 
cess  it  is  out  of  contact  with  the  driven  members  and  can  tui 
out  producing  movement  of  wheels  B  and  C  and  of  the  roac 
N  and  0  to  which  they  are  connected.  In  this  case  the  high 
ratios  are  obtained  when  the  disc  or  driving  wheel  A  is  nea 
center  of  the  effective  driving  face  of  B  and  C.  As  the  wh 
moved  toward  the  outer  peripheries  of  the  driven  meml 
speed  ratio  becomes  lower  on  account  of  the  difference  in 
tween  the  driving  wheel  A  and  the  diameter  of  the  circle  oi 
B  and  C  with  which  it  contacts.  The  reason  that  an  inter: 
gear  drive  is  used  at  wheel  0  instead  of  the  external  spur 
rangement  used  to  turn  wheel  M  is  that  this  is  necessary  t 
that  both  wheels  will  turn  in  the  same  direction,  on  accouE 
wheels  B  and  C  being  at  opposite  sides  of  the  driving  mei 
As  is  true  of  the  simple  form  of  face  friction  gearing  outline( 
154  a  reverse  motion  may  be  obtained  by  moving  the  disc 
the  drive  shaft  H  to  the  other  side  of  center  of  the  driver 
B  and  C. 


LESSON  SEVENTEEN 

THE  INDIVIDUAL  CLUTCH  CHANGE  SPEED  GEAR 

Q.    What  is  an  individual  clutch  change  speed  gear? 

A.  An  individual  clutch  change  speed  gear  is  a  form  in  which 
the  various  changes  of  speed  are  effected  simultaneously  with  the 
engaging  of  some  form  of  clutch  that  brings  that  gear  ratio  into 
action. 

Q.     What  are  its  advantages? 

A.  In  most  forms  of  individual  clutch  gearsets  the  various 
gears  through  which  the  different  speed  ratios  are  obtained  are  al- 
ways in  mesh  and  the  construction  is  such  that  it  is  not  possible  to 
injure  the  gear  teeth  when  changing  from  one  speed  to  another. 

Q.     What  are  the  principal  types  of  individual  clutch  gears? 

A.  There  are  two  main  forms  of  individual  clutch  gears,  the 
simplest  being  the  planetary  or  epicyclic  gear,  the  other  form  re- 
sembling a  sliding  gear  transmission  in  general  outline  and  arrange- 
ment of  parts  but  having  the  gears  always  in  mesh.  In  the  planet- 
ary  system  the  speed  desired  is  obtaiiied  by  manipulating  clutch 
bands,  a  different  clutch  being  provided  for  each  speed.  In  the 
positive  clutch  type  a  separate  jaw  clutch  is  provided  for  each 
speed  ratio  but  the  entire  gearset  is  controlled  by  a  master  clutch, 
which  is  common  to  all  speed  ratios,  as  it  serves  to  couple  the  en- 
gine and  gearset  shaft  together. 

Q.     What  is  the  planetary  gear  and  why  is  it  so  designated? 

A.  A  typical  planetary  gear  is  outlined  at  Fig.  158  and  it  is  so 
ca'led  because  the  change  speed  gears  revolve  around  a  center  gear 
attached  to  the  main  shaft,  the  motion  of  the  gearing  resembling 
that  of  the  planets  around  the  sun.  In  the  form  outlined  the  gear 
Z>,  which  is  attached  to  the  central  shaft,  is  termed  the  "sun"  gear 
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while  the  gear  assembly  comprised  of  members  B,  C  and  £ 
termed  "planet"  gears. 

Q.     Describe  the  construction  of  a  typical  planetary  ge; 

A      In  the  form  shown  at  Fig.  158,  the  shaft  K  is  attached 
the  fljTvheel  of  the  engine  by  means  of  the  flange  machined 
gral  with  it.    This  serves  as  the  main  driving  member  for  the 
set  and  the  gear  D  and  the  liigh  speed  spider  which  carries  the  clnt 
plates  J  are  keyed  to  this  shaft  so  they  must  turn  with  it.    TbSL 
change  speed  gearing  is  contained  in  a  casing  which  has  buahinp 
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80  that  it  can  turn  on  the  sleeves  to  which  the  sprocket  A-l  and  geir 
F  are  attached  and  these  sleeves  are  in  turn  provided  with  an  in- 
ternal bearing  so  they  may  revolve  independently  of  the  driving 
shaft  K  if  necessary.  The  planet  gears,  B,  C,  and  E  are  joined  to- 
gether to  form  an  assembly  which  turns  on  a  suitable  shaft  parallel 
to  the  shaft  and  spaced  on  a  ciide  -whose  racUus  is  equal  to  tbt 
distance  betweea  the  centers  ot  the  pVaa^  s^m  '^joi.  wA^^oisiBm. 
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shaft.  Gear  A  is  keyed  to  the  same  sleeve  to  which  the  drive  sprock- 
et A'\  is  attached,  while  gear  F  is  keyed  to  a  sleeve  to  which  the 
reverse  drum  is  fastened.  Suitable  clutch  plates  serve  to  establish 
connection  between  the  high  speed  clutch  plate  carrier  which  is 
keyed  to  the  engine  shaft  and  the  reverse  drum  to  which  gear  F 
is  secured.  Brake  bands  are  provided,  capable  of  arresting  motion 
of  either  the  low  speed  drum  which  also  acts  as  the  gear  casing  or 
the  reverse  drum  to  which  the  driven  direct  drive  clutch  plates  are 
attached.    These  bands  are  not  shown  in  the  illustration. 

To  obtain  a  low  speed  the  slow  speed  drum  is  kept  from  revolving 
by  clutching  it  and  the  drive  is  from  the  gearZ)  to  the  planet  gears  C 
which  turn  in  the  opposite  direction  and  from  the  gear  B  of  the 
planet  gear  assembly  to  the  gear  A  which  is  keyed  to  and  must 
turn  with  the  drive  sprocket  A-1.  As  there  is  a  difference  in  size 
between  gears  D  and  C,  gear  C  turns  slower  than  gear  Z>,  and  as 
gear  B  has  but  half  the  number  of  teeth  of  the  gear  A  the  sprocket 
A-1  is  turned  at  half  the  speed  of  gear  B  and  a  little  less  than  half 
the  speed  of  gear  D  and  in  the  same  direction.  If  the  reverse  drum 
is  kept  from  rotating  the  gear  F  attached  to  it  is  also  held  station- 
ary. The  result  is  that  the  gear  D  drives  the  gear  C  just  as  when 
the  slow  speed  drum  was  held,  but  as  gear  jE7  cannot  turn  without 
running  around  the  fixed  gear  F  the  motion  of  gear  A  which 
is  attached  to  the  sprocket  A-1  is  reverse  to  that  of  the  central 
shaft. 

If  the  two  brakes  or  clutches  are  held  out  of  contact  with  the 
slow  speed  and  reverse  drums  and  the  high  speed  clutch  plates  are 
pushed  together  by  the  action  of  the  clutch  dogs  and  toggle  the 
reverse  drum  is  firmly  locked  to  shaft  K,  As  gear  D  cannot  pro- 
duce movement  of  the  planetary  gear  assembly  B,  C  and  E  with- 
out causing  the  reverse  drum  to  rotate  the  entire  assembly  is  locked 
together  as  a  unit  and  the  sprocket  AA  turns  at  the  same  speed  as 
the  shaft  K  and  in  the  same  direction. 

Obviously,  only  one  clutch  can  be  engaged  at  a  time.  When 
the  slow  speed  drum  is  held  from  rotation,  the  reverse  drum  must 
be  free  to  turn  and  vice  versa,  W  hen  the  high  speed  clutch  is  en- 
gaged both  slow  speed  and  reverse  drums  must  be  capable  of  turn- 
ing.   Another  form  of  planetary  gearset  has  received  some  appli- 
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catiou  in  which  internal  spur  gears  are  used  and  a  separate  aetl 
pinions  employed  for  low  or  reverse  ratios. 

Q.     How  many  speeds  are  provided  in  the  usual  form  of 
tary  gear? 

A,  Planetary  gears,  as  a  rule,  have  two  forward  speeda  sod 
reverse.  It  is  possible  to  make  a  planetary  gear  that  will  prorii 
three  forward  speeds  but  these  are  usually  so  complicated  nA  n 
quire  so  much  gearing  that  they  are  not  as  practical  as  the  la 
costly  sliding  gear  forms. 


Q.     Describe  action  of  slow  speed  gearing  when  an  inter 
gear  is  used  in  the  planetary  system. 

A.     In  order  to  show  clearly  the  method  of  operation  of  the  ot 

form  of  planetary  gearing  a  section  through  the  slow  speed  geai 

is  shown  at  Fig.  159.    In  this  the  main  driving  gear  A  is  keyed 

the  engine  shaft  extension  E  and  must  tutn  with  it.    The  plaasb 

pmi'ons  C  are  carried  on  studs  attached  to  tit«i'^aiftTi,'^ft&d 
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free  to  rotate  around  the  shaft  E.  The  internal  gear  S  is  in  mesh 
with  the  planetary  pinions  C.  1  his  form  of  gear  assembly  can  be 
used  for  either  low  or  reverse  speed  depending  upon  whether  the 
plate  D  or  the  internal  gear  B  is  kept  from  rotating.  If  the  internal 
gear  B  is  kept  from  turning  the  drive  is  taken  from  the  plate  Z>. 
If  the  plate  D  is  kept  from  tiu*ning  the  driving  sprocket  is  attached 
to  internal  gear  B. 

Considering  first  the  action  of  this  assembly  to  provide  a  slow 
speed  ratio,  let  us  assume  that  the  internal  gear  B  is  provided  with 
a  brake  band  to  hold  it  stationary  and  the  plate  D  is  in  rigid  con- 
nection with  the  drive  sprocket  or  shaft  which  turns  the  rear  wheels. 
If  the  engine  shaft  E  is  turning  in  the  direction  of  the  arrow,  gear  A 
must  turn  in  the  same  direction.  If  the  internal  gear  B  is  kept  from 
rotating  the  planetary  pinions  C  must  not  only  turn  around  on  their 
supporting  stud  in  a  direction  opposite  to  that  of  the  drive  gear 
A  but  they  must  roll  around  the  internal  periphery  of  the  gear  B 
and  carry  the  disc  or  plate  D  forward  at  a  slower  speed  than  driving 
shaft  A  but  in  the  same  direction  as  indicated  by  arrow  F,  As  the 
drive  sprocket  is  attached  to  plate  B  it  turns  at  a  slower  speed  than 
the  engine  shaft  E, 

Q.     Describe  action  of  reverse  gearing. 

A.  In  order  to  obtain  a  reverse  motion  it  is  necessary  to  provide 
a  brake  band  for  plate  D  and  attach  the  driving  sprocket  to  inter- 
nal gear  B.  When  the  plate  D  is  kept  from  rotating  the  planetary 
pinions  C  turn  around  on  their  studs  and  rotate  the  internal  gear 
£  in  a  direction  opposite  to  engine  rotation,  as  indicated  by  the 
arrow  ff,  and  at  a  slower  speed  than  that  of  the  drive  gear  A. 

Q.     How  is  direct  drive  obtained? 

A.  Direct  drive  is  obtained  with  any  form  of  planetary  gearset 
by  some  form  of  friction  clutch  which  is  adapted  to  lock  all  parts 
of  the  transmission  into  one  rigid  unit. 

Q.     How  does  the  gearset  act  when  on  direct  drive? 

A.  When  all  parts  of  the  planetary  gear  assembly  are  locked  to 
gether  the  gears  are  still  in  mesh  but  are  not  turning  and  the  revolv* 
ing  mass  acts  as  a  flywheel  member. 
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Q.  What  is  the  operating  principle  of  the  individual  clutch 
gearset  with  master  clutch? 

A.  In  this  form  of  change  speed  gearing  two  shafts  are  provided, 
one  being  a  main  shaft  and  the  other  a  countershaft.  Suitable 
gears  are  attached  to  and  turn  with  the  countershaft,  these  mesh- 
ing with  corresponding  members  on  the  main  shaft  which  are 
normally  free  to  turn  unless  clutched  to  the  main  shaft  by  some 
form  of  positive  clutch.  A  typical  individual  clutch  gearset  is  shown 
at  Fig.  160  with  all  parts  clearly  outlined. 

Q.    What  types  of  clutches  are  used  in  the  gear  box? 

A.  The  clutches  employed  to  secure  the  loose  gears  to  the  main 
shaft  are  of  the  positive  jaw  type,  one  member  having  projecting 
teeth  designed  to  engage  with  the  depressions  in  female  member 
of  the  clutch.  The  master  clutch  is  of  the  friction  type  and  usually 
is  carried  with  the  flywheel.  Any  form  of  friction  clutch  previously 
described  may  be  used  as  a  master  clutch. 

Q.     Why  is  the  master  clutch  needed? 

A.  The  positive  types  of  clutches  are  obviously  harsh  in  action, 
i.  e.,  they  will  transmit  power  as  soon  as  engaged  and  if  these  were  used 
alone  there  would  be  considerable  strain  imposed  on  the  mechan- 
ism owing  to  the  sudden  starting  of  the  car  and  the  clutches  them- 
selves would  become  damaged  if  they  fail  to  engage  promptly. 
When  a  master  clutch  is  used  in  the  flywheel,  this  is  released  before 
the  positive  clutches  are  shifted  and  is  re-engaged  and  the  power 
applied  to  the  gearset  gradually  after  the  positive  clutch  has  been 
shifted. 

Q.  How  many  speeds  can  be  obtained  from  individual  clutch 
gearset? 

A.  Any  reasonable  number  of  speeds  may  be  provided  in  a 
gearset  of  the  individual  clutch  type  though  those  conmionly  con- 
structed provide  either  three  or  foiu*  forward  speeds  and  a  reverse 
ratio. 

Q.  Describe  construction  of  typical  individual  clutch  gearset 
and  name  important  parts. 

A.  In  the  individual  clutch  change  speed  gearing  shown  at  Fig. 
160  the  important  parts  are  the  casing,  the  main  shaft,  which  carries 


288  Questions  and  Answers 

two  double  end  clutches  and  two  loosely  revolving  members,  and  the 
countershaft  to  which  four  gears  are  secured.  Both  of  these  shafts 
are  carried  on  suitable  ball-bearings,  and  the  driving  end  of  the  main 
shaft  is  provided  with  a  bevel  drive  pinion  which  engages  with  a 
driven  gear  which  forms  part  of  a  countershaft  carried  as  part 
of  the  gearset.  The  main  shaft  is  made  in  two  pieces,  one  end  tel- 
escoping into  the  other.  The  power  of  the  engine  is  applied  to  the 
short  portion  of  the  main  shaft  or  sleeve  into  which  the  end  of  the 
longer  shaft  telescopes.  One  of  the  constant  mesh  gears  is  an  in- 
tegral part  of  the  sleeve.  This  gear  is  in  mesh  with  a  larger  member 
carried  by  the  countershaft. 

To  obtain  a  high  speed  or  direct  drive,  the  high  and  intermediate 
speed  sliding  clutch  is  pushed  forward  until  it  engages  with  the 
projecting  teeth  of  the  constant  mesh  drive  gear.  This  serves  to 
lock  the  two  portions  of  the  main  shaft  together  and  power  is  trans- 
mitted directly  from  the  constant  mesh  drive  gear  sleeve  which  is 
turned  by  the  engine  to  the  bevel  drive  pinion.  If,  however,  the 
high  and  intermediate  sliding  clutch  is  moved  toward  the  back  of 
the  gearset  in  such  a  way  that  it  locks  the  intermediate  gear  C  to 
the  shaft,  then  the  engine  power  is  transmitted  from  constant  mesh 
gear  H  to  countershaft  gear  B  and  from  intermediate  drive  gear  D 
to  the  driven  gear  on  the  main  shaft  with  which  gear  D  meshes. 
To  obtain  low  or  reverse  speed  the  other  sliding  clutch  is  moved  so 
that  low  speed  driven  gear  F  is  locked  to  the  main  shaft  for  the  slow 
speed  and  reverse  gear  H  is  locked  to  the  main  shaft  for  reverse 
motion. 

The  countershaft  turns  slower  than  the  drive  sleeve  of  which  the 
constant  mesh  drive  gear  A  forms  a  part  on  account  of  the  difference 
in  size  between  gears  A  and  B.  When  the  intermediate  ratio  is  de- 
sired, practically  the  only  reduction  in  speed  between  the  engine 
and  the  drive  pinion  is  obtained  by  the  difference  in  size  between 
gears  A  and  B  because  gears  C  and  D  are  practically  the  same  dia- 
ameter.  On  low  speed  and  reverse  motion  there  is  a  reduction  in 
speed  because  gear  E  is  smaller  than  gear  F  and  gear  G  is  smaller 
than  gear  H.  On  the  direct  drive,  the  speed  of  the  bevel  drive 
pinion  and  the  engine  crankshaft  is  the  same.  On  the  inter- 
mediate ratio  there  is  one  reduction  in  speed  at  the  constant  mesh 
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gear.  On  the  low  and  reverse  speed,  there  are  two  reductions  in 
speed,  one  at  the  constant  mesh  gears  and  the  other  between  the 
driving  gear  on  the  countershaft  and  the  driven  gear  on  the  main 
shaft.  When  both  clutches  are  in  a  neutral  position  the  master 
clutch  may  be  engaged  without  driving  the  transmission  main 
shaft.  Before  either  sliding  clutch  member  is  engaged  it  is  neces- 
sary to  interrupt  the  engine  drive  by  means  of  the  master  clutch. 
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Fig.  161. — Sectional  View  of  Coventry  Silent  Chain  Individual  Gear 
Box  With  Chains  Removed  from  Gearing  to  Show  Arrangement 
of  Parts. 

Q.  Are  gears  the  only  speed  reducing  members  used  in  gear- 
sets  of  this  character? 

A.  Forms  of  individual  clutch  gear  boxes  have  been  devised 
abroad  where  silent  chains  are  used  to  connect  the  main  shaft  and 
countershaft  instead  of  having  gears  in  mesh.  A  gear  box  of  this 
character  with  the  chains  removed  is  shown  at  Fig.  161.  The 
various  speeds  are  obtained  by  sliding  clutches,  just  as  in  the  pre- 
viously described  outfit,  the  only  exception  being  the  method  of 
obtfunittg  the  reverse  ratio. 
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Q,  How  is  the  reverse  drive  obtained  with  silent  chai 
box? 

A.  Instead  of  using  a  sliding  positive  clutch  a  large  geai 
into  mesh  with  a  small  gear  on  the  countershaft.  Where 
are  used  both  shafts  turn  in  the  same  direction  and  the  u 
pfur  of  gears  reverses  the  motion  of  the  mam  shaft  relative 
of  the  countershaft  which  is  turning  in  the  same  direction 
constant  mesh  sprocket  driven  by  the  engine. 

Q.     What  are  the  advantages  of  the  silent  chain  gear 

A.  It  is  contended  that  in  heavy  vehicle  service  such  ts 
truck  work  or  in  omnibuses  that  it  is  necessary  to  use  tbi 
gear  ratios  a  large  part  of  the  time.  The  ordinary  forms 
boxes  are  noisy  when  in  use  and  become  more  noisy  ae  th 
wear.  If  silent  chains  are  used  the  gearing  is  quieter  and  m 
during  than  the  conventional  form  of  spur  gear  constructicH 


J^g.  ieia.~Phantom  View  ol  the  Fot4  ^Vanttox^  *^ 

ing  Brake  Bands  and  Clutch  Adiu&\nven\.  ^o\ft  KMa  ^wi»i 


LESSON  EIGHTEEN 

ACTION  OF  SLIDING  GEAR  TRANSMISSION 

Q.     What  are  the  essential  parts  of  a  sliding  gearset? 

A.  The  sectional  view  of  gearset  outlined  at  Fig.  162  clearly 
shows  the  principal  parts  of  a  sliding  gearset  and  their  relation 
to  each  other.  Two  shafts  are  provided,  one  of  which  is  divided 
in  two  parts  and  is  called  the  main  shaft  or  transmission  shaft,  while 
the  other  shaft  is  a  solid  member  and  is  termed  the  ^'countershaft." 
The  gears  on  the  countershaft  are  keyed  to  it  while  those  on  the 
main  shaft  are  adapted  to  be  moved  back  and  forth  by  shifting 
forks  carried  on  gear  shifting  shafts.  The  shafts  are  supported  on 
suitable  bearings  preferably  of  the  anti-friction  type  and  the  entire 
assembly  is  housed  in  an  oil  tight  aluminum  casing. 

Q.  How  does  the  sliding  gearset  differ  from  the  individual 
clutch  type? 

A.  The  sliding  gearset  is  so  called  because  speed  changes 
are  effected  by  sliding  one  gear  into  engagement  with  a  cor- 
responding member  on  the  countershaft.  In  the  individual  clutch 
forms,  all  gears  are  always  in  mesh,  whereas  in  the  sliding  gear 
type  only  the  gears  that  are  used  in  transmitting  power  are  engaged. 
In  both  forms  of  transmission  there  is  one  pair  of  gears  that  are 
constantly  meshed  and  the  main  shaft  construction  is  just  the  same 
in  either  the  sliding  gear  or  individual  clutch  forms.  One  end  of 
the  main  shaft  proper  telescopes  into  a  member  which  carries  the 
constant  mesh  gear  and  to  which  the  clutch  shaft  is  attached.  In- 
stead of  shifting  the  clutches  as  in  the  individual  clutch  form  the 
gears  themselves  are  moved  along  the  keys  on  the  main  shaft. 

Q.     Name  the  two  main  types  of  sliding  gearsets. 

A.  Two  forms  of  sliding  gear  arrangements  have  received  gen- 
eral application  namely  the  progressive  system  in  which  one  shift- 
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ing  member  serves  for  all  speeds  and  the  selective  system  what 
two  or  more  sliding  gear  members  are  used. 

Q.     Describe  construction  of  simple  three  speed  progrei^TB 
sliding  change  speed  gearing. 
■^.     A   typic^  progressive  slidiag  fteat  aaaeoA&s  Sa  cra!i!as«& «. 
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Fig.  163  and  the  arrangement  of  parts  is  clearly  shown.  In  general 
construction  it  is  the  same  as  all  sliding  gear  transmissions,  having 
a  main  shaft  which  telescopes  into  the  driving  member  to  which 
the  clutch  cone  is  attached.  One  common  shifting  member,  which 
is  composed  of  the  gears  K  and  /  and  the  positive  jaw  clutch/, is 
adapted  to  slide  along  the  main  shaft  from  one  end  to  the  other. 
This  shifting  member  is  moved  by  a  gear  shift  lever  which  works 
on  the  segment  providing  five  positions  for  the  shift  lever.  Each 
of  these  positions  is  indicated  by  a  notch  cut  into  the  guide  segment 
and  a  simple  form  of  locking  member  is  employed  to  hold  the  lever 
in  position  in  any  one  of  the  desired  speed  ratios.  A  transmission 
of  this  form  is  called  "progressive"  because  the  various  speeds  must 
be  obtained  in  a  constant  unchanged  ratio.  For  instance,  if  one  is 
in  the  neutral  position  indicated  and  it  is  desired  to  go  into  the 
high  speed,  it  is  necessary  to  first  pass  through  the  intermediate 
ratio,  before  one  can  engage  the  high  speed  clutch.  If  one  is  in  the 
reverse  position  and  wishes  to  go  to  the  high  speed,  the  hand  lever 
must  be  shifted  through  the  slow  speed  and  intermediate  gears 
progressively  before  the  direct  drive  is  obtained. 

Q.     Outline  method  of  obtaining  low  speed. 

A.  The  low  speed  ratio  is  obtained  by  moving  the  hand  lever 
back  into  a  notch  on  the  segment,  which  moves  the  bell  crank  and 
pushes  the  sliding  member  along  the  squared  main  shaft  until 
gear  K  of  the  sliding  member  engages  gear  F  on  the  countershaft. 
As  previously  stated  the  member  of  which  gear  A  forms  a  part  is 
normally  independent  of  the  squared  main  shaft  and  drives  the 
coimtershaft  through  the  medium  of  the  gear  B.  There  is  a  diflfer- 
ence  in  size  between  the  constant  mesh  gears  and  the  countershaft 
turns  slower  than  the  gear  member  A.  The  power  applied  to  the 
coimtershaft  is  transmitted  back  to  the  squared  portion  of  the 
main  shaft  to  which  the  universal  driving  joint  is  attached,  by  the 
small  gear  F  which  is  one-half  the  diameter  of  gear  K  so  that  there 
is  a  reduction  in  speed  of  about  four  to  one,  meaning  that  the  clutch 
cone  will  revolve  four  times  to  one  revolution  of  the  universal  joint. 

Q.    Describe  action  when  on  intermediate  speed. 

A     To  obtedn  an  intermediate  ratio  tYie  geac  ^i\,\e^«t\^^cass^^^ 
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from  the  neutral  notch  of  the  segment  indicated  at  Fig.  16 
intermediate  notch  on  the  segment.  This  pushes  the  slidii 
ber  forward  so  that  the  gear  I  on  the  main  shaft  engages  th 
which  is  the  same  size,  on  the  countershaft.  Aa  before,  t 
ia  through  gear  A  to  gear  B,  which  gives  the  countershaft 
speed  of  gear  A  and  then  from  gear  E  to  gear  /  on  the  mi 
wh  cb  turns  that  member  at  the  &aiae  ?.'^ed  aa  the  coin 
so  that  a  gear  ratio  of  two  to  one  \b  o\j\>ai'&adL. 
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Q.    Describe  action  of  gearset  when  on  high  speed. 

A.  The  highest  speed  is  usually  a  direct  drive  obtained  by 
locking  the  two  members  comprising  the  main  shaft  assembly  to- 
gether by  a  positive  jaw  clutch  J  carried  on  the  face  of  the  gear  /. 
To  engage  this  clutch  it  is  necessary  to  push  the  hand  lever  into 
the  extreme  forward  notch  on  the  segment  which  moves  the  bell 
crank  so  that  teeth  J  fit  into  the  corresponding  depressions  on  the 
face  of  gear  A.  As  the  main  shaft  is  practically  one-piece  the  drive 
is  direct  from  the  clutch  cone  to  the  universal  joint. 

Q.     Outline  method  of  obtaining  reverse  motion. 

A.  In  order  to  turn  the  universal  joint  at  the  driving  end  in  a 
reverse  direction  to  that  of  the  clutch  cone  it  is  necessary  to  push 
gear  K  to  the  extreme  back  end  of  the  gearset  where  it  meshes 
with  an  intermediate  pinion  H  carried  by  a  stud  on  the  gear  case 
instead  of  directly  with  member  G  on  the  countershaft.  The  mo- 
tion of  the  countershaft  D  is  always  reversed  to  that  of  the  main 
driving  member  A  though  the  motion  is  again  reversed  on 
any  of  the  forward  speed  ratios  so  that  the  squared  portion  of  the 
main  shaft  turns  in  the  same  direction  as  the  gear  A  though  at  a 
slower  speed.  By  the  interposition  of  the  intermediate  pinion  H 
which  meshes  with  the  countershaft  gear  G  the  motion  of  the  main 
shaft  is  made  to  correspond  to  that  of  the  countershaft  if  the  gear 
K  is  pushed  into  engagement  with  the  intermediate  pinion  H  and 
thus  the  universal  joint  is  turned  in  a  direction  opposite  to  that  of 
the  engine 

Q.    What  is  a  selective  gearset? 

A.  The  selective  form  of  gearset,  as  outlined  at  Fig.  162  and 
164,  is  practically  the  same  in  general  principles  of  operation  as  the 
progressive  system  except  that  two  or  more  shifting  members,  each 
operated  by  an  independent  rod,  are  employed  instead  of  the  one 
shifting  member  of  the  progressive  gearset.  One  gear  shift  lever 
is  employed  for  both  shifting  members  and  this  works  in  a  gate 
form  of  segment  so  the  lever  may  be  moved  in  or  out  to  engage 
either  shifting  member  as  desired.  As  the  shifting  member  may  be 
picked  out  by  merely  pushing  the  gear  shift  levet  \\:l\,q>  ^J^'^  ^x^a^-^x 
slot  in  the  gate  plate  this  system  is  called  tli^  ^^\fe^\AN^  ^-^^Xjeo^- 
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Q.    What  are  the  main  advantages  of  a  selective  geui 

A.     An  important  advantage  of  the  selective  system  i 

shifting  is  that  a  more  comp&ct  toofiteMc^Aaa  ia  'possible  i 

^«  progreasive  system  and  geata  caaYiefttis^^^mOTfeeMffiq 
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the  gearshift  lever  is  in  neutral  position,  one  can  go  directly  into 
any  desired  speed  ratio  without  passing  through  any  of  the  others 
if  desired.  This  enables  the  driver  to  select  the  speed  he  desires 
at  once.  For  example,  if  the  gearshift  lever  was  in  a  position  at 
the  back  end  of  the  inside  slot,  as  shpwn  at  Fig.  164,  the  low  and 
reverse  shift  member  would  be  engaged  with  the  reverse  idler  gear. 
If  it  is  desired  to  pass  directly  into  the  high  speed  position  this 


Fig.  165.— Part  Sectional  View  of  Three-Speed  Selective  Gearsct 
Adapted  for  Use  in  Combination  With  U.o\.(»  \»  '^wto.  "Ni-K*. 
Power  Plant 
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could  be  accomplished  by  a  simple  movement  of  the  gear  shift 
lever  to  the  front  end  of  the  outside  slot  which  would  engage  the 
direct  drive  clutch.  With  a  progressive  gearset  it  would  be  nec- 
essary to  pass  through  low  and  intermediate  ratios  before  the 
high  speed  clutch  could  be  engaged.  This  would  not  only  require 
an  appreciable  interval  of  time  but  would  also  produce  more  wear 
on  the  gears  comprising  the  shifting  member  which  would  be  often 
moved  through  one  or  more  speed  ratios  when  this  would  not  be 
necessary  with  the  ordinary  selective  system. 

Q.  How  many  speed  changes  are  provided  in  the  usual  se- 
lective gearset? 

A.  Selective  change  speed  gearing  used  on  light  and  medium 
weight  cars,  such  as  depicted  in  halftone  at  Fig.  165  and  in  en- 
gineering drawing  at  Fig.  166,  provide  for  three  forward  speeds 
and  a  reverse  motion.  As  a  rule  the  highest  speed  is  obtained  by 
locking  both  members  comprising  the  main  shaft  assembly  to- 
gether. On  heavier,  more  powerful  cars,  a  gearset  such  as  shown 
at  Fig.  167  and  providing  four  forward  speeds  and  a  reverse  motion 
is  often  supplied.  Four  speed  gearsets  may  be  of  two  patterns, 
the  form  outlined  having  the  highest  or  fourth  speed  on  the  direct 
drive  while  other  forms  have  the  direct  drive  on  the  third  speed. 

Q.  In  a  four  speed  gearset  with  direct  drive  on  the  third 
speed  how  is  the  highest  or  fourth  speed  obtained? 

A.  Where  the  direct  drive  lock  is  utilized  for  the  third  speed 
of  a  four  speed  gearset  the  highest  ratio  is  usually  through  gear- 
ing  arranged  in  such  a  way  that  when  the  fourth  speed  is  engaged 
the  driving  end  of  the  gearset  will  turn  at  a  higher  speed  than 
the  engine  end. 

Q.    What  are  the  advantages  of  the  geared-up  fourth  speed? 

A.  In  a  four  speed  gear  box  having  direct  drive  on  the  third 
ratio  it  is  intended  that  all  normal  driving  will  be  on  the  third  speed 
which  provides  maximum  eflBciency.  When  exceptionally  favor- 
able conditions  are  present  and  it  is  desired  to  drive  the  car  at  a 
high  rate  of  speed,  the  geared-up  fourth  speed  may  be  brought  in- 
to action  for  the  short  time  it  is  possible  to  maintain  the  hl^^^fc'^. 
The  direct  drive  position  permits  of  utilizing  «i.\o^^T  T^vi  ^\  ^\s^ 
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at  the  rear  wheels  than  would  be  possible  if  the  direct  drive 
depended  on  for  the  highest  speed  ratio. 
With  a  four  speed  gear  box  wit\i  dvcftofc  AiiNfe  wa-tiQa^^K 
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do  more  driving  under  the  conditions  of  niaximum  efficiency  than 
would  be  permissible  with  the  higher  gear  ratio  provided  when 
direct  drive  is  on  the  fourth  speed.  In  one  instance,  efficiency  is 
Eacrificed  to  some  extent  on  the  highest  ratio  which  is  used  but 
25%  of  the  time  to  obtain  the  maximum  efficiency  on  the  speed 
ratio  that  is  used  over  50%  of  the  time.  With  the  direct  drive 
fourth  speed  the  third  speed  gears  are  often  used  and  considerable 
power  is  lost  through  the  gearing  which  would  be  conserved  if  the 
third  speed  was  a  direct  drive  instead  of  the  fourth. 

Q.     Where  is  the  gearset  usually  placed? 

A.    It  is  common  practice  to  place  the  gearset  as  an  independ- 


w  .=>///«* 

,/?e=.-^,/e 

^ 

C/,<, 

i-^i^ 

"^^ 

fc^-: 
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ent  unit  immediately  back  of  the  clutch  which  usually  forms  part 
of  the  power  plant.  This  brings  the  change  speed  gearing  almost 
directly  under  the  floorboards  at  the  front  end  of  the  car. 

Q.     Name  other  methods  of  gearset  placing? 

A.  The  gearset  may  be  placed  as  a  unit  with  the  power  plant; 
at  the  front  end  of  the  torque  tube  of  the  rear  axle,  as  shown  at  Fig. 
168,  as  part  of  a  jack  shaft  assembly  when  used  in  motor  trucks, 
as  at  Fig.  169,  or  attached  directly  to  the  rear  axle,  as  shown  at  Fig. 
170. 

Q.    What  are  the  advantages  of  umt  geanc^  »».&.  v^"«w  ■^Jiax*. 
or  a^de  aaaembly? 


soa 

Questions  and 

A  nswers 

"^ —  ~tmi^^^ 

i 

' 

1 

m 

^ 

< 

■t 

\  ^^^^^H 

vri 

isj 

'  ^^^^H 

tt'    - 

4 

! 

7 
i 

i 

Is 

L 

Co 

0) 

^ 
.^ 

is 

s 

^-~~^^ 

i 

1 

'o 

1 

1 

1 

1 

i 

ll 

1" 

-Si 

ll 

5"]fi  - 

l| 

P|pR 

1^ 

S5 

mIn 

If 

^^^ 

b 

e   l| 

p  .c 

1. 

^!t!  >^ 

1 

»A  1 

/ 

1^- 

k.t 

Sliding  Gear  Transmission 


]^^r^[ 

1 

L/  Xnfi^       ''                 M    -a       1 

^^ttijjCJpJHta 

^m^s^ 

,y~ 

Fig.  170. — Cearset  Located  at  McCue  Rear  Axle. 

A.  The  important  advMitage  of  combining  the  gearset  with 
either  the  power  plant  or  driving  member  or  the  rear  axle  driven 
member  is  that  the  parts  are  kept  in  absolute  alinement  because 
there  is  no  possibiHty  of  the  gearset  getting  out  of  line  with  the 
crankshaft  if  it  is  housed  in  a  part  of  the  motor  case  or  to  lose  its 
alinement  relative  to  the  driving  gearing  if  it  is  part  of  the  rear 
axle  or  countershaft  assembly. 


LESSON  NINETEEN 

METHODS  OF  DRIVE  TO  REAR  WHEELS 

Q.     Describe  common  methods  of  power  transmission  in 
tomobiles. 

A.  The  power  of  the  engine  is  usually  transmitted  from  th 
speed  changing  mechanism  to  the  rear  wheels  by  some  method  of 
positive  drive  mechanism  which  may  be  bevel,  spur,  or  worm  ge»- 
ing,  or  sprocket  and  chains. 

Q.  What  is  the  influence  of  power  plant  location  on  method 
of  drive? 

A.  The  arrangement  of  the  power  plant  relative  to  the  rear  ade 
has  material  influence  on  the  method  of  drive  employed.  K  tla 
engine  is  a  simple  form  with  the  crankshaft  at  right  angles  to  the 
frame  side  it  is  customary  to  drive  directly  from  a  simple  planetaiy 
gearing  on  the  crankshaft  to  a  live  axle  by  a  chain.  If  the  engine 
is  located  in  such  a  way  that  the  crankshaft  is  parallel  to  the  frame 
members,  then  a  shaft  is  employed  to  transmit  the  power  from  the 
gearset  directly  to  gearing  in  the  rear  axle  or  from  sprockets  (m 
a  coimtershaft  to  similar  members  on  the  rear  wheels. 

Q.     What  is  the  influence  of  gear  ratio  on  final  drive? 

A.  When  low  gear  ratios  are  desired,  as  on  heavy  conmiercial 
cars,  it  is  necessary  to  use  either  a  double  reduction  drive  system 
or  worm  gearing,  if  a  single  reduction  is  employed. 

Q.  What  determines  the  speed  reduction  needed  between 
driving  and  driven  members? 

A.    The  ratio  of  rear  wheel  speed  relative  to  that  of  the  crank- 
shaft of  the  power  plant  depends  upon  the  amount  of  power  avait 
able^  the  maximum  speed  it  is  desired  to  attain,  and  the  weight  of 
tlie  vehicle.     On  high  powered  pVeasMcei  ^wc^,  ^V«2i»  bi^cji  speeds 
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are  required  and 
where  powerful 
engines  are  pro- 
vided, it  is  possi- 
ble to  gear  the 
rear  axle  in  such 
a  way  that  the 
engine  will  make 
two  and  one  half 
to  three  turns 
while  the  rear 
wheels  make  one 
revolution,  0  n 
low  powered  tour- 
ingcars  the  reduc- 
tion is  usually  four 
to  one,  while  on 
heavy  commercial 
vehicles  the  reduc- 
tion will  range 
from  eight  t  o 
twelve  to  one  and 
even  greater  than 
this  if  a  small 
engine  is  required 
to  move  a  heavy 
load.  Obviously, 
the  lower  the  re- 
duction, the  less 
speed  obtained 
for  a  given  num- 
ber of  engine  revo- 
lutions. 

Q,  Describe 
cheapest  method 
of  direct  drive. 

A.    The  cheap- 
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^'^■J/^-—Ptan  View  of  Modern  l^ong  >mv«Vo»M  ^^J'^'^^^^*^ 
With  Gearbox  on  Unit  Power  V\ant  atva¥.nt\«»t&T>Tw*«B« 
■intermediate  Bearing  on  Frame  Croaa  ■WlewiW^^ 
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est  method  of  direct  drive  is  by  attaching  the  engine  directly 
to  the  rear  axle  and  driving  from  the  crankshaft  to  the  diflfer- 
ential  case  by  a  pair  of  spur  gears.  This  method  is  used  only 
on  steam  carriages  at  the  present  time  and  on  some  forms  of 
electric  automobiles,  though  in  the  latter  application  compound 
gearing  is  generally  used  to  obtain  the  desired  low  ratio.  Another 
simple  driving  means  which  is  used  at  the  present  time  only  on  two 
or  three  makes  of  cars  employing  friction  transmissions  is  to  join 
the  transmission  shaft  directly  to  the  rear  axle  by  some  form  of 
driving  chain. 

Q.     Describe  method  of  direct  drive  ordinarily  used. 

A.  The  method  of  direct  drive  ordinarily  used  is  shown  at  Figs. 
171  and  172.  In  the  former  the  drive  shaft  which  transmits  power 
from  the  sliding  gearset  to  the  bevel  driving  gears  at  the  rear  axle 
is  provided  with  two  universal  joints,  one  at  each  end  and  is  exposed. 
The  driving  and  braking  strains  on  the  axle  are  resisted  by  a  pressed 
steel  member  extending  from  the  rear  axle  to  the  rear  frame  across 
member  that  supports  the  gearset.  At  Fig.  172  the  same  method 
of  drive  is  employed  except  that  three  universal  joints  are  used  and 
the  driving  shaft  is  enclosed  in  a  tubular  housing  that  also  serves  as  a 
torque  member. 

Q.  What  is  an  efficient  method  of  direct  drive  when  speed 
reduction  ratio  is  low? 

A.  A  worm  drive  assembly,  such  as  outUned  at  Fig.  173,  pro- 
vides a  very  satisfactory  method  of  drive  where  a  low  reduction 
ratio  is  desired  without  using  compound  gearing  or  a  double  reduc- 
tion. The  worm  has  a  tooth  angle  of  about  45  degrees  and  drives 
the  worm  wheel,  which  is  provided  with  angularly  disposed  teeth 
placed  around  its  circumference 

Q.  Name  parts  of  compound  drive  or  double  reduction  sys- 
tem generally  used. 

A.  Where  a  lower  gear  reduction  is  desired  than  is  possible  to 
obtain  by  the  use  of  a  direct  drive  connection  the  compound  drive 
as  shown  at  Fig.  174  is  utilized.  In  this  the  power  is  transmitted 
from  the  engine  to  a  countershaft  placed  across  the  frame;  the 
drive  from  engine  to  the  countershaft  is  by  means  o.^  bevel  gears 


just  as  in  the  usual  form  of  live  axle.  In  fact,  the  average  coirnta* 
shaft  assembly  is  practically  a  live  rear  axle  with  sprockets  placed 
at  the  axle  ends  which  in  turn  transmit  the  power  to  rear  wheels 
revolving  independently  of  each  other  on  a  fixed  non-rotating  uU 
which  supports  the  car  weight.  One  reduction  ratio  is  obtained 
between  the  bevel  gears  of  the  countershaft  and  the  speed  is  still 
further  reduced  by  making  the  drive  sprockets  on  the  rear  wheels 
larger  in  diameter  than  those  on  the  countershaft.  The  taxoDi 
chassis  at  Fig.  175  shows  the  method  of  using  side  chain  drive  with 
enclosed  chains  that  is  used  on  heavy  touring  cars  while  the  il- 
Justj-ation  Fig.  176  shows  the  usual  exposed  chain  emplt^ed  in 
motor  trucks. 
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9tl^  Queations  and  Answers 

Q.    How  can  a  compound  drive  be  obtained  without  use  of 

A'.  Some  rear  lu^  eonstmctions  are  designed  to  use  two  sets 
of  gears  andthus.aiSpBipound  drive  is  possible  without  using  chains. 
For  example  the  dWve  from  the  gearset  will  be  to  a  bevel  pinion 
which  engages  a  bevei  gear  mounted  on  a  short  countershaft  in- 
side of  the  rear  axle  housing,  and  this  countershaft  carries  a  small 
spur  pinion  which  engages  with  a  large  spur  gear  on  the  differential 
caising.  Other  forma  have  bevel  gear  drive  to  the  center  of  the 
axle  and  have  a  small  spur  pinion  at  the  end  of  each  live  axle  shaft 
vhich  engages  a  large  internal  spur  gear  that  forms  part  of  the  brake 
drum.  In  this  method  of  construction  the  rear  axle  is  virtually 
two  members,  the  greater  part  of  the  car  weight  being  carried  on 


Fig.  175.— Side  View  of  Touring  Car  Chassis  Using  Chain  Drive. 


a  non-rotating  dead  axle  on  which  the  wheels  revolve  while  the 
power  transmission  is  through  an  auxiliary  live  axle  assembly  at- 
tached to  the  fixed  axl^^nd  used  only  to  transmit  power. 

Q.     What  are  the  common  forms  of  driving  chains? 

A,  The  chains  ordinarily  used  for  power  transmission  purposes 
are  the  block,  roller  and  silent  chains,  as  outlined  at  Fig.  177. 

Q,     What  is  chain  pitch? 

A,  The  pitch  of  a  chain  is  a  term  used  in  speaking  of  chain 
aizes  and  it  is  the  distance  between  the  center  of  one  tooth  space 
to  that  of  the  other  tooth  space  in  the  link  immediately  adjacent. 

Q.     What  is  the  difference  between  a  block  and  roller  chain? 
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A.  Aa  will  be  seen  by  reference  to  Fig.  177-A  the  block  chun  is 
composed  of  the  fewest  parts,  being  made  up  of  approximately 
£  sh^>ed  blocks  joined  together  by  means  of  side  plates  or  links  of 
"the  same  pattern,  the  links  being  held  together  by  through  rivets 
'Vhich  form  a  bearing  for  the  chain  blocks.  In  the  roller  chain  as 
outlined  at  B,  the  blocks  are  replaced  by  compound  members 
formed  of  two  side  plates  held  together  by  tubular  bushings  on  which 
hardened  steel  rollers  revolve,  in  addition  to  the  usual  link  and 
rivet.    The  advantage  of  the  roller  chain  is  that  it  rolls  over  the 


sprocket  with  less  friction  and  wear  than  a  block  chain  and  it  ia 
used  to  the  entire  exclusion  of  the  simpler  form  in  automobile 
pow^  transmission  systems. 

Q.    What  is  a  silent  chain  and  how  is' silence  obtained? 

A.  The  silent  chain  is  the  form  in  which  toothed  links  are  em- 
ployed which  engage  with  suitable  depressions  \n  tt\e  s^to^'^ 
wAicb  ia  directly  oppoeite  in  action  to  that  oi  the  \AocV  a-iA  xOiisa 
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ch^Ds  in  which  the  sprocket  teeth  fit  openings  in  the  ch^ 
the  silent  chain  outlined  at  Fig.  177-C  the  individual  link  ma 
are  practically  the  same  and  the  chain  is  made  up  of  a  large  m 
of  these  link  plates  held  together  by  side  plates  of  the  usual  p 
in  order  to  obtMn  greater  strength.  A  silent  chain  b  quie 
action  than  either  a  block  or  roller  chain,  because  aa  it  runs  o^ 
sprocket  the  tendency  of  the  downwardly  projecting  teeth 
entirely  fill  the  spaces  made  to  receive  them  in  the  sprock 
spreading  apart  so  there  is  no  lost  motion  between  the  chai 
sprockets,  thus  noise  is  reduced  appreciably. 


/S/ocA                             yS/ote.UnH 

yffon 

1 '"'  ■■  PI|i;%li;iPn£:£  -^ 

,r        ,  S/MFK/^       '^"f- 

^HJ^^sE^^^J^^rift 

^^^^^^^^l^v 

Buihi'n^         '5?/i/e 

^^^^^^^^^^^^^J 

^^^^^^^^^^^ 

ly*  ^aiBJ^niLC^if- 

'  Q.  Why  is  enclosed  chain  drive  better  than  open  drive 
A.  In  order  to  obtain  satisfactory  service  from  driving 
it  is  necessary  that  these  be  kept  well  lubricated  and  fre 
dirt  or  grit  that  will  produce  wear  at  the  bearing  surfaces 
driving  chain  is  run  without  a  case  the  particles  of  dirt  ai 
that  adhere  to  the  jinks  not  only  absorb  the.  lubricant  but 
pose  an  item  of  friction  between  t^e  paite  qI  ^^  Oo^s^wb 
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fcctween  the  chain  and  the  sprockets  that  means  considerable  power 
liQss.  While  it  is  possible  to  run  block  and  roller  chains  without 
oasing  it  is  absolutely  necessary  to  protect  the  silent  chain  and 
Iseep  it  thoroughly  oiled  or  it  will  soon  depreciate.  The  life  of  an 
inclosed  chain  is  three  or  four  times  greater  than  that  of  an  unpro- 
"tected  chain  doing  the  same  work  and  it  will  be  quieter  in  operation 
%m.  account  of  the  coating  of  lubricant. 

Q.    What  are  the  advantages  of  gear  drive? 

A.  The  advantage  that  enclosed  bevel  or  worm  gear  drive  offers 
is  that  these  parts  are  maintained  at  a  point  of  high  efficiency  be- 
cause they  are  kept  from  the  dirt  and  are  always  properly  lubri- 
cated. The  efficiency  of  gearing  when  properly  meshed  and  kept 
dean  and  well  oiled  is  very  high  and  the  usual  arrangement  of  the 
driving  gears  of  the  rear  axle  produces  a  compact  and  enduring 
mechanism. 

Q.    What  are  universal  joints  and  why  are  they  needed? 

A.  Universal  joints  are  flexible  driving  members  which  are  not 
80  flexible  as  to  fail  to  provide  a  positive  drive  between  shafts  that 
may  not  always  remain  in  proper  alinement.  Universal  joints  are 
needed  on  all  driving  shafts  transmitting  power  from  one  member 
carried  on  the  frame  tq  the  gearing  at  the  rear  axle  because  the 
movement  of  the  rear  axle  is  independent  of  that  of  the  frame  which 
is  supported  by  resilient,  yielding  springs.  Without  universal  joints 
the  driving  shaft  would  be  subjected  to  much  strain  as  the  parts 
of  the  chassis  mounted  on  the  springs  would  move  at  a  different 
ratio  than  those  carried  directly  by  the  tires.  Most  open  propeller 
shafts  use  two  universal  joints,  while  enclosed  shafts  need  but 
one,-  at  the  front  end. 

Q.  Compare  the  various  methods  of  final  drive  with  relation 
to  their  efficiency. 

A.  The  most  efficient  means  of  final  drive  is  by  worm  gearing 
which  is  said  to  have  an  efficiency  ranging  from  90  to  95%.  Single 
chain  drive  follows  with  an  efficiency  of  about  90%  when  new  and 
properly  oiled.  Then  bevel  gearing  follows  with  an  efficiency  of 
about  85%  while  the  various  forms  of  compouivd  ^eax^  ^i:^  tfea 
least  eSSoient,  the  power  loss  in  transmission  laxv^iv^  \x^\x^  ^^< 
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in  a  combined  spur  and  beveled  gear  reduction  to  30  or  35%  wHk 
beveled  gear  and  side  chain  reduction. 

Q.   What  is  the  spiral  bevel  gear  drive  and  what  are 
its  advantages? 

A.  The  spiral  bevel  or  worm  bevel,  as  it  is  sometimes  called, 
differs  from  the  regular  form  of  bevel  gear  in  that  the  teeth  on 
pinion  and  ring  gear  are  cut  on  an  angle,  as  in  worm  gearing,  lie 
construction  of  typical  spiral  bevel  driving  gears  detached  from  the 
differential  casing  is  shown  in  illustration  Fig.  177-a,  the  view 
at  the  left  being  of  the  gears  detached  from  the  differential  as- 
sembly while  that  at  the  right  shows  the  application  to  the  rear 
axle  used  on  Packard  motor  cars.  It  is  claimed  that  the  skew  bevel 
produces  increased  quietness  of  drive  as  backlash  or  looseness 
between  the  teeth,  which  is  a  common  cause  of  noisy  action  of 
conventional  bevel  gearing,  is  entirely  eliminated  by  the  angular 
teeth.  It  is  also  claimed  that  whereas  ordinary  bevel  gearing  has 
a  straight  line  contact,  the  worm  bevel  with  its  curved  teeth 
has  one  set  of  teeth  constantly  meshing  while  the  next  set  is  becom- 
ing disengaged.  This  affords  a  continuous  contact,  in  some  degree 
the  same  as  accomplished  with  worm  gearing. 

Q.     Are  gasoline  automobiles  always  driven  by  the  rear  wheels? 

A.  Gasoline  automobiles  have  been  designed  where  the  drive 
is  through  all  four  wheels  which  combine  directive'  and  tractive 
functions.  A  side  elevation  of  the  new  Rambler  four  wheel  drive 
motor  truck  with  important  parts  depicted  is  clearly  shown  at 
Fig.  177-b.  In  this  the  power  is  obtained  by  the  regular  Rambler 
power  plant  driving  through  a  dry  disc  clutch  to  a  change  speed 
gear  of  special  construction  mounted  on  the  chassis  frame  about 
midway  between  the  front  and  rear  axles.  One  drive  shaft  extends 
from  the  front  end  to  the  front  axle  while  a  similar  member  transmits 
power  to  the  rear  axle  which  is  a  duplicate  of  that  used  at  the 
front  of  the  car. 

The  special  form  of  gear  box  necessary  is  outlined  at  Fig.  177-c. 

In  this  the  drive  is  through  gearing  at  all  speeds,  there  being  no 

direct  drive  clutch  as  is  true  of  conventional  gear  sets.    The  trana- 

mission  provides  four  speeds  iorwaid  ^.tA  «.  x^N^-rofc  ^s^d.  va.  syl- 
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dition  to  the  usual  countershaft  carried  below  the  main  shaft,  a 
quill  is  mounted  below  this  which  carries  a  differential  gear.  From 
this  differential  two  drive  shafts  provided  with  imiversal  joints 
transmit  the  power  to  two  auxiliary  differentials  located  on  the 
front  and  rear  axles  respectively.  The  differentials  on  the  axles  in 
turn  drive  the  wheels  and  as  the  wheels  are  movable  to  steer  the 
vehicle,  as  well  as  rotatable  to  drive  it,  it  is  apparent  that  the  final 
drive  shafts  which  transmit  power  to  the  wheels  must  have  imi- 
versal joints  to  compensate  for  wheel  movement  when  set  at  an 
angle  to  direct  the  vehicle. 

A  section  through  the  universal  joints  employed  at  the  wheels 
is  clearly  shown  at  B,  Fig.  177-c.  Here  it  will  be  seen  that  the 
universal  joint  is  a  regular  double  yoke  and  cross  type  enclosed 
in  a  housing  that  protects  it  from  the  dirt  and  grit  and  which  permits 
of  considerable  movement  of  the  drive  shaft  without  allowing  the 
lubricant  with  which  the  universal  joint  is  packed  to  escape. 
One  end  of  the  universal  joint  is  attached  to  the  drive  shaft  which 
runs  to  the  differential  on  the  axle  while  the  other  yoke  drives  a 
spur  pinion  which  is  well  supported  by  a  taper  roller  bearing  placed 
at  each  side.  This  spur  drive  pinion  engages  with  an  internal 
spur  gear  carried  within  the  body  of  the  wheel  and  applies  the  power 
near  the  wheel  rim,  thereby  gaining  the  greatest  driving  leverage 
possible.  The  internal  gear  of  the  wheel  and  the  pinion  driving  it 
are  well  housed  to  exclude  grit  and  retain  lubricant  and  this  housing 
at  the  same  time  serves  as  a  brake  drum. 

The  wheels,  one  of  which  is  shown  at  Fig.  177-d,  are  interchange- 
able. The  two  drive  axles  with  their  universals  are  duplicates 
of  each  other  and  the  three  differential  gears,  consisting  of  that 
in  the  gear  box  and  those  on  the  axle,  are  all  alike.  The  differential 
is  a  special  Wayne  type  which  differs  from  the  common  construc- 
tion in  that  it  automatically  drives  the  wheel  which  has  the  greatest 
resistance  and  which  has  traction  and  this  feature  coupled  with 
the  use  of  four  driving  wheels  makes  it  possible  to  propel  the  truck 
if  any  one  of  the  four  wheels  has  traction.  It  is  claimed  that 
while  the  truck  has  120  inches  wheel  base  it  will  turn  in  a  circle 
of  twenty-two  feet  radius,  which  is  accomplished  by  the  four- 
wheel  steering  feature.    There  are  four  ample  brakes,  one  on  each 
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Pig.  177-c, — Components  of  Distinctive  Design  N^cesaary  to 
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Fig.  177-d.— Type  of  Wheel  Used  on  Rambler  Four  Wheel  Drive  Truck, 

wheel,  and  it  is  clamed  that  either  set  of  two  brakes  is  sufficient 
to  hold  the  loaded  truck  on  a  30  per  cent  grade.  The  wheel  revolves 
on  taper  roller  bearings  carried  by  the  wheel  sp'ndle.  The  steering 
knuckle  is  a  special  form  of  the  inverted  Elliot  type  and  not  only 
carries  the  wheel  spindle  but  the  frame  supporting  he  spur  drivinj,' 
pinion  as  wel.  The  loaded  front  axle  is  supported  by  a  taper  roller 
bearing  at  the  lower  end  of  the  steering  knuckle  which  makes  it 
possible  to  turn  the  wheel  with  minimum  exertion  on  the  part  of  the 
operator.  When  the  wheel  is  moved  by  the  steering  knuckle  the 
frame  carrying  the  spur  drive  pinion  turns  as  well,  but  owing  to  the 
uaiversal  joint  the  drive  is  not  iutpi^upted  and  the  wheels  are  all 
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driven  regardless  of  whether  they  are  n  a  stra'ght  ahei 
or  at  an  angle  to  steer  the  car.  Other  vehicles  have  bC' 
and  applied  as  tractors  for  fire  department  service  when 
is  through  the  front  wheels  only,  these  members  being  v 
in  construction  to  the  form  described. 


Fig.  177e.— Sectional  View  of  Ford  Model  T  Rear  Axle  ! 
Important  Parts.  Note  Construction  of  Differential  C 
Use  of  Roller  Bearings  for  Shaft  Support. 
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LESSON  TWENTY 

DIFFERENTIAL  QEAR  CONSTRUCTION  AND 

OPERATION 

Q.    What  is  a  difFerential  gear? 

A.  A  differential  gear  is  a  compensating  mechanism  interposed 
in  the  automobile  transmission  system  to  permit  the  traction  mem- 
bers or  driving  wheels  to  turn  at  different  speeds  when  describing 
curves. 

Q.    Is  a  compensathig  arrangement  needed  on  a  wagon? 

A.  The  ordinary  forms  of  horse  drawn  vehicles  do  not  need  any 
compensating  arrangement  because  all  wheels  are  independent  of 
each  other  and  revolve  on  fixed  axles. 

Q.  What  would  be  the  result  if  no  differential  gear  was  fitted 
to  a  four  wheel  automobile? 

A.  -  Without  a  differential  gear  the  ordinary  form  of  motor 
vehicle  would  be  difficult  to  handle  on  curves  and  all  parts  of  the 
driving  mechanism  as  well  as  the  tires  would  be  subjected  to  severe 
stresses  that  would  produce  rapid  depreciation. 

Q.    Where  is  the  differential  gear  carried? 

A.  The  ordinary  form  of  differential  or  compensating  gear 
may  be  incorporated  as  part  of  the  gear  set  where  this  member  is 
attached  to  the  countershaft;  as  part  of  a  countershaft  assembly, 
even  if  the  gearset  is  a  separate  unit,  and  as  a  part  of  a  rear  live 
axle  if  the  direct  drive  system  is  employed. 

Q.  Can  a  practical  automobile  be  made  without  a  differential 
gear? 

Au    The  only  method  by  which  a  practical  automobile  can  be 
constructed  and  dispense  with  a  differential  arraxi^erci^\i\>  \^  \>q  x^s^ 
&rf  one  rear  driving  wheel  mounted  in  such  a  way  \\i«u\.  W^^  ^cJvoJ 
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of  contact  with  the  ground  corresponds  to  the  apex  of  a  triangle, 
the  base  line  of  which  is  the  distance  between  the  points  of  contact 
between  the  two  front  wheels  and  the  ground. 

Q.    Describe  construction  of  simplest  type  of  differential  gear. 

A.  The  parts  of  a  typical,  simple  differential  gear  are  clearly 
outlined  at  Fig.  178.  The  gearing  is  carried  in  a  case  composed 
of  two  members  having  suitable  openings  between  the  halves  of 
the  case  to  carry  the  studs  on  which  the  bevel  pinions  revolve.  All 
gearing  is  mounted  inside  of  the  differential  casing,  and  as  a  rule 
the  assembly  is  composed  of  two  beveled  gears,  one  being  attached 
to  each  wheel  and  from  three  to  six  bevel  pinions  carried  by  the 
studs  secured  to  the  differential  case. 

Q,     Outline  action  of  simple  differential  gear. 

A.  'The  arrangement  of  the  gearing  is  such  that  when  the  re- 
sistance  to  both  road  wheels  is  the  same  the  entire  differential 
assembly  rotates  as  a  imit,  though  as  soon  as  the  resistance  against 
one  of  the  traction  members  is  greater  than  that  against  the  other 
then  the  gearing  operates  to  permit  the  wheel  that  has  the  greatest 
resistance  to  turn  at  a  lower  rate  of  speed  than  the  other  member. 
When  the  resistance  is  the  same  against  rotation  of  both  wheels 
then  the  casing  revolves  at  the  speed  determined  by  the  driving 
gearing  and  the  bevel  pinions  remain  fixed  on  their  studs  so  that 
both  bevel  gears  attached  to  drive  axles  are  carried  around  at  the 
same  speed.  If  the  tendency  of  one  of  the  wheels  is  to  revolve 
slowly,  such  as  the  inner  wheel  does  when  turning  the  corner,  then 
the  differential  pinions  will  not  only  be  carried  forward  with  the 
differential  gear  case  but  these  will  revolve  on  their  studs  and  by 
running  over  the  face  of  the  bevel  gear  that  tends  to  revolve  slowly 
they  will  permit  a  difference  in  wheel  speed  without  interruption 
of  drive. 

Q.     Name  two  common  forms  of  differential  gear. 

A.  The  two  types  of  differential  gear  generally  used  are  outlined 
at  Fig.  179.  That  at  A  is  the  conventional  form  of  bevel  differ- 
ential in  which  the  compensating  gearing  is  composed  entirely  of 
bevel  gears  and  pinions.  The  form  shown  at  B  is  termed  a  "spur 
gear  differential"  because  all  gearing  is  oi  tVift  «^\tt  Iqjtcdl.    ^^iS6 
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actioQ  is  practically  the  same  in  either  case,  each  driving  axle  being 
attached  to  one  of  the  large  gears  while  the  pinions  engaging  with 
them  are  depended  on  to  obtain  the  differential  effect. 

Q,     Which  type  is  more  generally  used  and  why? 

A.  The  bevel  gear  form  of  differential  has  received  the  widest 
application  because  it  is  simplest  in  design  and  the  gear  teeth  can 
be  more  substantial  and  stronger  than  the  corresponding  members 
in  a  spur  differential  assembly  of  equal  size. 

Q.  How  many  bevel  pinions 
arc  used  and  why  is  it  better  to 
use  a  number  of  these  gears  ? 

A,  On  light  cars  a  three  bevel 
pinion  differential  assembly  is  all 
that  is  required,  but  on  heavier 
cars  from  four  to  six  pinions  are 
employed.  It  is  advisable  to  use 
a  large  number  of  gears  where 
the  work  is  severe  because  the 
work  on  any  one  pinion  is  less- 
ened as  the  number  of  pinions  is 
increased. 

Q.  Are  there  any  practical 
substitutes  for  the  differential 
gear? 

A.  Various  forms  of  ratchet 
andslipping  friction  mechanisms 


Fig.  160. 

Formi  _      ..  ^ 

for  Differential  Pinions. 


„    _ . .      Wonn  Driving  Gears 
Forming  Supporting  Member 


have  been  evolved  in  attempts  to  replace  the  differential  gear  but 
none  of  tiiese  have  proven  commercially  practical.  Differential 
mechanism  comprising  cranics  and  eccentric  arrangements  have  been 
tried  but  these  are  invariably  more  costly  and  cumbersome  than 
the  gear  forms. 

Q.    Where  is  the  driving  sprocket  or  gear  attached  to  the  dif- 
ferential assembly? 

I  A.  The  driving  sprocket  or  gear,  when  this  is  a  separate  member, 
is  always  attached  to  the  case  which  carries  the  studs  on  which 
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Fig.  181.— Gearset  and  Differential  Assembly  of  Motor  Truck  Show- 
ing One  Method  of  Locking  Differential  Gearing  So  the  Differen- 
tial Assembly  Will  Turn  as  a  Unit. 

the  differential  pinions  revolve.  In  some  cases,  as  outlined  at  H^ 
180,  where  a  worm  gear  is  used  for  driving  it  is  possible  to  cany 
the  compensating  pinions  on  studs  inserted  directly  in  the  interior 
of  the  gear  rim. 

Q.     Are  there  any  conditions  where  differential  gear  actioa 
is  not  desirable? 

A.  In  some  cases  the  differential  gear  action  proves  to  be  a  da- 
advantage.  For  example,  if  one  of  the  driving  wheels  ia  in  mud 
or  other  material  offering  but  little  traction,  and  the  other  vhed 
is  on  dry  hard  road  surface,  there  m\V  \»  eo  ^««t  a  differeoioe  bfr- 
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be  remstance  of  the  member  on  the  hard  surface  and  that 
lud  that  the  differential  gear  will  permit  the  member  on  the 
[rface  to  remain  absolutely  stationary  while  the  wheel  in 
i  hole  revolves  at  a  high  rate  of  speed  without  producing 
snt  of  the  vehicle.  With  ordinary  forms  of  light  and  medium 
pleasure  cars,  this  condition  is  not  so  apt  to  materialize 
heavier  vehicles. 


yi^/'nqG*-  Of 


^r/i/t  P/n/on 


[i  there  any  way  to  put  the  differential  gear  out  of  action 
.  an  emergency? 

kme  vehicles  are  provided  with  a  mechanbm  for  locking 
oantul  gear  tt^ther  to  form  a  solid  unit  and  deliver  the 
o  both  irbmb  ao  these  must  turn  in  unison.  X.  c,ao.^T>ic>AQXv 
dad  hi  oatliaed  at  Fig.  181  where  it  is  mo\ai\«d^  aa  %  V^"^^ 
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of  the  countershaft  assembly  of  a  motor  truck.  The  lockii^  < 
is  very  simple,  consisting  of  a  jaw  or  clutch  member  keyed  \ 
revolving  with  an  extension  of  the  differential  case.  On  the 
shaft  extending  through  the  differential  member  is  mounted 
ing  lock  member  which  is  keyed  to  the  shaft  so  that  it  mus 
with  it.  If  it  is  desired  to  put  the  differential  gear  out  of  i 
as  might  be  desirable  if  one  of  the  driving  wheels  became  : 
the  sliding  lock  member  could  be  pushed  into  engagement 
the  fixed  member  on  the  continuation  of  the  differential  cas 
the  differential  mechanism  would  then  revolve  as  a  soli( 
as  there  would  be  no  possibility  of  the  gears  working. 

Q.  What  types  of  vehicles  are  provided  with  diffei 
lock? 

A.  Differential  locking  mechanism  is  usually  providec 
on  the  heavier  classes  of  self-propelled  vehicles,  such  as 
trucks,  gasoline  road  rollers  and  agricultural  tractors. 


Fig.  I82a.— Sear  Axle  with  Differential  Case  Cover  Removed  t( 
Differential  and  Drive  Geaiing. 


LESSON  TWENTY-ONE 
REAR  AXLE  TYPES 

Q.    What  are  the  functions  of  the  conventional  rear  axle? 

A.  The  ordinary  automobile  rear  axle  must  not  only  support 
the  weight  of  the  rear  end  of  the  car  but  usually  carries  the  traction 
members  or  driving  wheels  and  the  brakes  or  retarding  elements. 

Q.    What  are  the  two  common  types  of  rear  axle? 

A.  Rear  axles  may  be  divided  into  two  general  classes,  termed 
"dead"  and  "live"  constructions  respectively. 

Q.    Describe  the  construction  of  a  *'dead"  rear  axle. 

A.  This  form  of  axle  which  is  outlined  at  Fig.  183  is  practically 
the  same  in  general  construction  as  the  rear  axle  used  on  horse 
drawn  vehicles.  It  is  composed  of  a  stationary  member,  either  of 
tubular  or  solid  section,  which  is  attached  to  the  springs  by  suitable 
spring  pads  or  chairs  and  which  is  provided  with  a  spindle  at  either 
end  on  which  the  wheels  revolve.  The  wheel  hubs  are  independent 
of  each  other  and  are  each  driven  by  direct  chain  connection  with 
a  sprocket  on  a  countershaft  member  carried  by  the  frame. 

Q.  On  what  types  of  vehicles  is  a  "dead"  axle  commonly 
used? 

A.  As  the  non-rotating  axle  construction  may  be  made  very 
stroing  without  increasing  its  size  to  any  extent,  it  is  commonly 
applied  to  vehicles  intended  to  carry  heavy  loads  that  need  a  double 
reduction  drive. 

Q.  Where  is  the  differential  gear  mounted  when  a  ''dead" 
rear  axle  is  employed? 

A.  The  differential  gear  must  be  used  in  connection  with  a  sta- 
jonary  axle  but  it  is  usually  incorporated  in  the  countershaft  as- 
embly  carried  by  the  frame. 
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Q.    How  are  the  wheels  driven  when  mounted  on  a  statioiUBy 
axle? 

A.    The  wheel  hubs  are  provided  with  sprockets  which  are  con-  * 
nected  to  smaller  sprockets  carried  by  the  axle  shafts  of  the  counter* 
shaft  assembly  by  means  of  chains  which  transmit  the  power  to  eacb 
rear  wheel. 

Q.    What  is  the  advantage  of  this  method  of  construction? 

A.  On  heavy  vehicles,  such  as  motor  trucks,  which  are  defflgned 
to  operate  on  solid  rubber  tires,  it  is  desirable  to  suspend  as  much 
of  the  mechanism  of  the  car  as  possible  from  the  frame  so  the  sprmp 
may  absorb  the  larger  portion  of  the  jarring  and  jolting  due  to  solid 
tires.  As  most  of  the  heavier  vehicles  are  designed  to  move  slowly 
it  is  necessary  to  employ  a  double  reduction  system  so  the  differ- 


'r/Ve  Sproodnt 
5fu6  Ah/^ 


J 


Fig.  183.— Simple  Automobile  Rear  Axle  of  the  "Dead"  Type. 

ential  and  bevel  gear  drive  assembly  which  provides  the  first  speed 
reduction  is  part  of  the  countershaft  and  the  rear  axle  which  must 
be  strong  and  yet  relatively  light  is  called  upon  only  to  carry  the 
car  weight  and  not  to  transmit  any  of  the  engine  power.  Anothei 
reduction  of  speed  is  possible  in  addition  to  that  obtained  at  tbt 
countershaft  by  making  the  driving  sprockets  smaller  than  thi 
driven  members  carried  by  the  wheel  hubs.  Owing  to  the  use  ol 
a  fixed  rear  axle  member  it  is  not  necessary  to  carry  any  of  the  mw 
or  less  delicate  mechanism  forming  the  differential  and  drive  gear 
ing  as  part  of  the  axle  and  these  portions  of  the  drive  system  may  bt 
carried  in  a  separate  assembly  attached  to  the  spring  supportec 
frame  members. 

Q.    Describe  construction  of  simple  type  live  axle. 

A.    A  simple  live  axle  of  coiweiitioii^  ^^\\gfi\&  ^\)^(&SkRAL^^ 


Rear  Axle  Types 


331 


\  ti^roHe  Drum  _ 

Aafe^ous/Wi 


'ivw  Shoff/feusinq 


Axte  Shafts   ^'"^^^-^      r^B^      ^//JTe/^fTfiof 


Sp^/n^Choir 


Fig.  184.— "Live"  Automobile  Rear  Axle  of  Bevel  Gear  Drive  Type. 

184.  This  member  not  only  supports  the  weight  of  the  car,  but 
also  incorporates  the  power  transmission  and  differential  gearing. 
The  power  is  taken  from  the  gearset  through  a  drive  shaft  revolv- 
ing in  roller  bearings.  At  the  end  of  the  drive  shaft  a  bevel  pinion 
is  secured  which  meshes  with  a  bevel  or  ring  gear  carried  by  the 
differential  housing.  The  differential  assembly  is  also  supported 
on  roller  bearings  and  shafts  extend  from  the  differential  gears  to 
the  wheel  hubs.  All  the  rotating  parts  are  housed,  the  differential 
and  bevel  gear  assembly  being  mounted  in  a  housing  of  malleable 
iron  while  the  drive  shaft  and  axle  shafts  A  and  B  are  protected 
and  supported  by  a  tubular  axle  housing,  which  is  securely  attached 
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Pig.  185.— ^Semi-Floating"  Automobile  Rear  Axle  Construction  With 
Shafts  and  Gearing  Mounted  on  Double  Row  Ball 
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to  the  differential  housing  at  the  center  of  the  axle.  In  the  s 
form  of  live  axle  construction  the  axle  shafts  not  only  t 
the  power  from  the  differential  gears  to  the  hubs  but  are  call 
to  carry  the  car  weight  at  the  rear  end  as  well.  This  form 
struction  is  suitable  only  for  light  and  medium  weight  cars 

Q.    How  many  types  of  live  axle  are  used? 

A.  live  axles  may  be  of  a  simple  form,  as  previously  d 
and  shown  at  Figs.  184  and  185,  or  they  may  be  of  a  semi- 
or  full  floating  construction.  The  simple  live  axle  shown 
185  is  practically  the  same  in  construction  and  method  of  dj 
as  that  previously  outlined  with  the  exception  that  the  axl 
are  carried  on  annular  ball  bearings  instead  of  roller  bearin 

Q.    What  is  the  "semi-floating"  axle? 

A.     The  term  "semi-floating''  is  applied  to  those  forms 
where  the  axle  shaft  is  depended  on  to  drive  the  wheels  as 
take  part  of  the  load  caused  by  thrust  reaction,  when  th 
skids  sideways.    An  axle  of  this  general  form  is  outlined  at  I 
and  it  will  be  noted  by  comparing  it  with  the  form  showi 
and  185  that  the  wheel  hub  is  carried  by  a  large  bearing 
mounted  on  the  drive  axle  housing  so  the  axle  shaft  that  is  1 
in  the  wheel  hub  is  not  called  upon  to  carry  any  of  the  car 
It  is,  however,  depended  on  to  steady  the  wheel  against  side 
This  form  of  axle  construction  is  often  called  "the  one 
floating  axle"  because  for  all  practical  purposes  it  is   a 
type  inasmuch  as  the  axle  shaft  may  be  withdrawn  from  tl 
ior  of  the  axle  housing  or  the  differential  assembly  removed 
relieving  the  wheels  of  »the  car  weight. 

Q.    What  is  the  "full  floating  axle"  construction? 

A.  The  full  floating  rear  axle  construction,  which  is< 
at  Figs.  187  and  188,  differs  from  the  preceding  form  inasi 
the  wheel  hub  is  carried  by  two  bearings  which  are  in  turn  su 
by  the  fixed  housing  member  through  which  the  drive  aide 
The  driving  axle  is  a  floating  member  that  is  called  upon 
transmit  power  and  not  to  take  any  of  the  car  weight.  In  th 
Jive  axle  forms  the  axle  shaft  xevoVv^^  m  \^«s\xm^  earned 
interior  of  the  housing  and  aa  tYve  ^Yift^  w%  ^i»QKa^\^^ 
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supporting  car  weight  these  tire  subjected  to  much  more  strain 
than  floating  shafts. 

In  the  true  floating  axle  the  drive  axles  may  be  removed  by  tak- 
ing off  a  hub  cap  and  pulling  out  the  shaft.  The  wheel  hub  is  not 
disturbed  and  the  differential  gear  may  be  removed  if  desired 
without  disturbing  the  wheels.  In  the  live  action  construction  of 
the  simple  form,  the  axle  shafts  can  be  taken  out  only  by  taking 
the  entire  axle  assembly  apart  as  outlined  at  Fig.  189.  This  means 
that  the  rear  end  of  the  car  must  be  jacked  up  and  the  axle  removed 
from  the  chassis  in  order  to  take  it  apart.  The  big  advantage  of 
the  floating  construction,  especially  in  the  forms  shown  at  Fig. 


Fig.  186. — ^Typical  "Three-Quarter  Floating"  Rear  Axle  Having  Driv- 
ing Wheels  Supported  by  One  Double  Row  Bearing  in  Each 
Wieel  Hub. 

186  and  188,  is  that  the  differential  and  drive  gear  assembly  may 
be  removed  for  inspection  or  adjustment  without  disturbing  the 
axle  housings  or  taking  wheels  off.  The  axle  shown  at  Fig.  187 
utilizes  double  row  ball  bearings  at  all  important  points  while  that 
outlined  at  Fig.  188  employs  single  row  ball  bearings  to  carry  the 
radial  or  direct  acting  loads  while  the  end  thrust  caused  by  the  bev- 
el drive  gears  is  taken  by  a  ball  thrust  bearing  used  in  combination 
with  a  single  row  at  the  ring  gear  side  of  the  differential  assembly. 

Q.    How  are  the  rear  wheels  driven  in  a  simple  live  axle? 

A,  The  rear  wheel  hubs  are  usually  provided  with  key  ways 
which  engage  with  driving  keys  carried  by  the  live  axle  and  are 
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kept  from  coming  off  either  by  means  of  pins  passing  thi 
hub  and  the  shaft  or  by  a  clamping  nut  which  forces  t 
tightly  on  the  taper  eAd  of  the  live  axle  shaft. 

Q.     How  are  the  wheels  driven  in  a  semi-floating  ax 

A.  The  wheels  of  a  semi-floating  axle  are  driven  by  squ 
of  the  drive  shafts  which  are  a  tight  fit  in  a  flanged  membe 
bolted  to  the  wheel  hubs.  In  some  forms  of  axles  th 
flange  is  formed  integrally  with  the  axle  shaft  and  is  secur< 
to  the  hub. 

Q.     How  are  the  wheels  driven  in  a  full-floating  axle 

A.     When  the  full-floating  construction  is  employed 


no 
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Fig.  187.— "Full-Floating"  Bevel  Gear  Drive  Axle  Having 
Wheels  Mounted  on  Two  Ball-Bearings  With  All  the  Ca 
Carried  on  the  Drive  Axle  Housing  Tubes. 

axle  shafts  carry  positive  driving  clutch  members  of  the  i 
which  engage  with  a  corresponding  female  member  fori 
of  the  wheel  hub.  The  axle  shaft  is  kept  from  working  out 
of  a  threaded  hub  cap,  as  shown  at  Fig.  188. 

Q.    What  is  a  combined  live  and  dead  axle  construct 

A.  Some  designers  endeavor  to  secure  the  advantaj 
stationary  form  of  axle  and  yet  have  the  driving  gears  c 
the  axle  by  using  a  combination  construction  in  whic 
rotating  member  serves  to  carry  the  car  weight  while  a 
is  attached  to  the  fixed  member  and  carries  the  <fiffer€ 
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and  bevel  gears.  The  wheels  which  revolve  on  the  fixed  axle  tire 
driven  from  the  live  portion  by  means  oi  spur  gears  engaging  cor- 
responding members  attached  to  the  wheel  hubs.  Such  a  construo- 
tion  is  not  generally  used  because  most  engineers  contend  that  thii 
places  too  much  uiisprung  weight  on  the  rear  axle. 

Q.     What  is  a  double  reduction  live  axle? 

A.  A  double  reduction  axle  is  one  where  the  en^ne  power  is 
taken  by  compound  gearing  instead  of  the  simple  bevel  or  worm 
gearing  ordinarily  used.  For  example,  the  power  from  the  gear 
set  may  be  first  delivered  to  a  pair  of  bevel  gears,  the  driven  member 
of  which  is  carried  on  a  countershaft  which  also  carries  a  spur 
pinion  designed  to  mesh  with  a  large  spur  gear  on  the  differential 


Fig.  18&— McCue  Rear  Axle  of  "Full-Floating"  Tjrpe  Showing  Use  of 
Single  Row  Bail-Bearings  at  All  Points. 

case.  This  provides  two  speed  reductions,  one  between  the  driv- 
ing gear  on  the  transmission  shaft  and  the  member  with  which  it 
engages  on  the  counter  and  a  further  reduction  in  speed  between 
the  other  two  driving  gears. 

Q.  What  is  a  two  speed  direct  drive  axle  and  what  are  its 
advantages  ? 

A.  This  is  an  axle  construction  of  recent  development  and  is 
called  the  two  speed  direct  drive  axle  because  in  ^Isjca  <:&  %.  ^(&?^ 
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bevel  pinion  and  ring  gear  used  in  the  ordinary  construction,  there 
are  two  bevel  pinions  and  two  ring  gears  attached  to  the  differential 
casing.  A  typical  assembly  of  this  nature  is  shown  at  Fig.  189-a. 
The  drive  pinion  B  is  integral  with  the  drive  shaft  and  always  re- 
volves with  it  while  the  larger  drive  pinion  A  only  revolves  with 
the  drive  shaft  when  the  sliding  clutch  A  is  engaged  with  the  cor- 
responding clutch  member  attached  to  the  pinion.  When  the  slid- 
ing clutch  A  is  shifted  into  position,  the  actuating  bell  crank  shifts 
another  sliding  clutch  attached  to  the  differential  gear  case  which 
releases  ring  gear  B  and  allows  the  engine  to  drive  the  differential 
casing  and  the  gearing  it  contains  through  the  medium  of  drive 
pinion  A  and  ring  gear  A. 

When  the  other  ratio  is  desired  the  positive  clutch  shifting  lever 
is  moved  so  that  it  brings  sliding  clutch  A  out  of  engagement  which 
causes  a  simultaneous  movement  of  sliding  clutch  B  so  that  ring 
gear  B  is  clutched  to  the  differential  casing.  It  will  be  apparent 
that  the  drive  is  through  only  one  set  of  gears  at  a  time,  the  set 
that  is  not  in  use  revolving  idly  on  suitable  bearings.  This  construc- 
tion affords  two  gear  ratios,  each  driving  direct  from  the  engine 
to  the  wheels  without  any  intermediate  gearing  other  than  the 
regular  driving   gears   ordinarily   employed  in  a  one  speed  axle. 

It  is  contended  that  no  one  single  gear  ratio  can  be  just  right 
for  all  vehicle  speeds  and  all  road  conditions.  The  usual  gear  ratio 
of  a  single  direct  drive  axle  ranges  from  3.5  to  1  to  4  to  1  according 
to  the  weight  and  power  of  the  car.  If  a  car  is  geared  low,  high  speeds 
can  only  be  obtained  by  racing  the  engine  but  its  hill  cHmbing 
abilities  on  the  high  are  excellent.  At  the  other  hand,  if  the  gear 
ratio  is  such  that  the  car  can  be  operated  at  high  speed  without 
racing  the  engine  it  will  be  a  poor  hill  climber  and  the  low  gears  will 
have  to  be  resorted  to  on  any  gradient  of  magnitude.  In  the  axle 
shown  there  are  two  gear  ratios,  one  of  which  is  low,  and  which  is 
especially  adapted  for  city  driving  where  starting,  stopping  and 
slowing  down  are  frequent  and  where  cautious  operation  is  neces- 
sary. When  conditions  are  more  favorable,  the  higher  direct  drive 
gearing  may  be  brought  in  action  and  higher  vehicle  speeds  are 
possible  without  a  corresponding  increase  of  engine  revolutions. 

For  example,  with  the  lower  direct  driving  gears  in  operation^ 
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aD  en^ne  speed  of  700  revolutions  per  minute  would  mean  a  car 
speed  of  approximately  20  miles  per  hour,  whereaa  if  the  high 
direct  drive  gears  are  used  the  car  will  travel  approximately  30 
miles  per  hour  with  no  increase  in  en^ne  speed.  This  increase  in 
car  speed  without  a  corresponding  increase  in  crank  shaft  revolu- 
tions means  that  there  is  a.  decrease  in  fuel  consumption  for  a  given 
mileage.  A  given  quantity  of  gas  is  utilized  to  greater  advantage 
and  produces  more  actual  power  at  the  rear  wheels  than  with  the 
engine  turning  over  more  rapidly  on  the  low  gear  ratio.  Friction 
and  wear  of  power  plant  and  transmission  gearing  is  also  materi- 
ally reduced  because  the  parts  are  operated  more  slowly.  When  a 
low  gear  ratio  is  employed  a  car  will  vibrate  very  much  at  high 
vehicle  speeds  on  account  of  the  great  speed  at  which  the  motor 
is  operatii^,  while  with  the  higher  ratios  there  is  comparative 
freedom  from  vibration  because  the  power  plant  is  not  operated 
at  excessive  speed. 
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LESSON  TWENTY-TWO 
AUTOMOBILE  FRAMES  AND  SPRINGS 

I.    What  is  the  function  of  the  frame? 

The  frame  of  the  automobile  forms  the  basis  of  the  entire 
danism.  It  not  only  supports  the  power  plant,  change  speed 
ii^,  body  and  controlhng  devices  but  also  serves  as  a  tie  member 
«en  the  two  axles  and  carries  the  springs  by  which  these  mem- 
are  joined  to  the  frame. 

What  factors  determine  size  of  frame  to  be  used?  |) 

The  size  and  construction  of  the  frame    depend    entirely  8 

the  class  of  veliicle  to  which  it  is  fitted.     Some  motor  cars  g 

re  frames  of  great  strength  and  light  weight  while  others  can  9 

leavy   frames.  8: 

What  materials  are  used  in  frame  manufacture? 

Automobile  frames  may  be  made  of  wood  or  metal,  or  com-  J 

ions  of  these  materials.    When  metal  is  used  the  frame  members  ^ 

be  of  tubular  or  channel  section  steel,  of  iron  angles  or  channels,  ^ 

may  be  a  composite  structure  using  tubing  and  pressed  steel  2 

in  combination.    The  two  typical  forms  of  metal  frames  with  J 

various  running  bourd  irons,  spring  supports,  etc.,  in  place  ^ 

utlined  at  Fig.  190.    That  at  A  is  used  in  pleasure  car  service  S 

!  the  form  at  £  is  a  heavier  construction  intended  for  commer-  ^ 

ar  use.  ;^ 

What  type  of  car  uses  frames  made  of  structural  steel?  •- 

Structural  steel  channels  in  standard  sizes  are  commonly 
in  heavy  commercial  vehicles. 

Describe  various  methods  of  using  wood. 

The  frame  may  be  composed  of  wooden  beams  or  of  compo-  ^^ 

aembers  made  from  various  laminae  glued  and.  aciew^^  ^a^        ^r 
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gether  or  of  lighter  wood  sections  reinforced  with  a  strip  oi 
or  steel  extending  the  full  length  of  the  piece. 

Q.    On  what  type  of  vehicles  are  armored  wood  frames  i 

A.  Composite  frames  of  wood  and  metal  are  seldom  us( 
cept  on  heavy  vehicles  such  as  motor  trucks.  The  feature  ( 
method  of  construction  is  that  a  strong  and  yet  light  supp 
member  is  employed,  the  strength  being  derived  from  th( 
reinforcing  plate.  The  wood  frame  does  not  transmit  vib 
as  do  metal  frames  and  the  machinery  is  better  protected  frc 
vibration  incidental  to  vehicle  operation  on  poor  highway  si 
than  when  the  shock  transmitting  all  metal  frame  is  employ 

Q.    What  are  the  features  of  laminated  wood  frames? 

A.  The  laminated  wood  frame  structure  is  one  that  po 
great  strength  without  being  heavy,  which  enables  this  type  of 
to  be  employed  in  pleasure  car  use.  A  laminated  frame  is  nol 
to  warp  or  check  and  the  arrangement  of  the  various  pieces  co 
ing  the  frame  is  such  that  the  arrangement  of  the  wood  fibers 
for  great  strength.  When  wood  is  employed  as  frame  m 
ash  is  generally  used  because  of  its  superior  strength  and  ligl 
A  laminated  wood  frame  is  said  to  be  stronger  than  a  presse 
frame  of  equal  weight,  and  as  the  wood  absorbs  instead  of 
mitting  vibration  it  is  contended  by  those  favoring  wood  fran 
struction  that  the  machinery  is  better  protected  from  road 
than  when  all  metal  frames  are  used. 

Q.  Why  is  pressed  steel  used  so  widely  in  automobile 
construction? 

A.  Pressed  steel  has  received  general  application  in  auto 
work  because  the  frame  side  and  cross  members  may  be  c 
and  economically  formed  into  shapes  that  would  not  be  p 
with  any  other  material.  Side  members  may  be  cambered 
swept  which  would  not  be  possible  if  wood  is  used  and  a  £p; 
superior  lightness  to  that  made  of  standard  structural  shapi 
be  evolved  by  the  designer.  Pressed  steel  frames  may 
members  best  adapted  to  support  the  various  parts,  which  < 
tlie  designer  to  adapt  the  frame  to  tVie  ^OT£v^TkfcTA&\ft  V»  tsog 
rather  than  design  all  parts  to&t  altame.  'tT^s»«A^^«^.\w 
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light,  cheap  and  strong  if  properly  designed  and  are  especially 
adapted  to  quiuitity  production. 

Q.    What  are  the  advantages  of  upswept  side  members? 

A.  When  a  frame  is  upswept  at  the  rear,  as  shown  at  Fig.  190, 
it  is  possible  to  use  types  of  springs  that  have  great  flexibiUty  of 
movement  without  raising  the  center  of  gravity  of  the  car  to  a  point 
where  side  sways  might  become  dangerous.  A  frame  may  be  up- 
swept at  both  front  and  rear  ends  and  the  body  curried  cl(»er  to 
the  ground  than  if  straight  frame  members  were  used  without 
sacrificing  eaae  of  riding  and  ample  axle  and  spring  movement. 


Q.  What  are  the  reasons  for  using  inswept  or  cambered 
members? 

A.  Many  automobile  frame  side  members  are  cambered  or 
swept  in  at  a  point  approximately  below  the  dash  so  the  front  por- 
tion of  the  frame  ia  narrower  than  the  other  parts.  The  object  of 
narrowing  a  frame  at  the  front  end  in  this  manner  is  to  provide  a 
greater  degree  of  front  wheel  movement  and  permit  a  car  to  timi  in 
smaller  circles  than  would  be  the  case  if  the  front  wheels  were  moved 
only  to  the  angular  limits  permitted  by  a  wide  frame.  Another 
advantage  of  the  cambered  member  is  that  it  permits  the  motor 
to  be  attached  directly  to  the  frame,  and  thus  eliminates  a  sub- 
frame  to  carry  the  power  plant. 
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Q.     Is  the  frame  always  carried  above  the  axles? 

A.  Automobile  frames  are  not  always  carried  above 
as  shown  at  Fig.  191  as  in  some  cases  the  frame  may  be  u 
or  carried  below  the  axles,  as  shown  at  Fig.  192. 

Q.     What  are  the  advantages  of  the  underslung  frai 

A.  Where  the  frame  is  carried  beneath  the  axles,  the 
gravity  is  brought  lower  and  it  is  possible  to  turn  comers 
speeds  than  with  cars  having  the  frame  carried  over  the  t 
advantage  of  having  a  smooth  underframe,  which  can  be  tl 
encased  with  a  dust  pan  and  present  a  smooth  outline,  i 
dust  is  created  and  that  the  vital  parts,  such  as  the  motoi 
gearcase,  etc.,  are  protected  agcunst  injury  should  the  w 


into  a  mud  hole  or  in  a  deep  rut.  It  is  contended  also  thi 
derslung  construction  provides  greater  accessibility  to  th 
units  of  the  power  plant  and  transmission.  Another  s 
of  the  underslung  frame  is  said  to  be  easy  riding,  because 
is  largely  ehminated  by  suspending  the  frame  from  the  e 
stead  of  balancing  it  upon  the  springs.  As  the  center 
is  carried  lower  the  car  must  be  tipped  to  a  greater  an^ 
to  overturn  it.  This  can  be  clearly  shown  by  drawings  a1 
which  shows  a  test  made  to  obtain  the  relative  stability  vA 
sJimgoDd  underslung  types.  A  block  aad  tackle  equipmoo 
ployed  at  one  side  of  the  car,  ao  fha^.  Wo  "w^is^  «n>t^\) 
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just  a  height  where  the  car  would  still  stand  poised  on  the  two  wheels 
on  which  it  rested. 

The  experiment  made  with  the  conventicmal  ctmstruction  out- 
lined at  A  demonstrated  that  when  the  car  was  tipped  so  that  a 
line  joining  the  bottoms  of  the  two  wheels  was  at  an  angle  of  43 
degrees  with  the  ground  that  the  car  would  tip  over.  When  the 
same  experiment  was  tried  as  shown  at  B  with  an  underslung  car 
it  was  demonstrated  that  the  car  couid  be  tipped  to  an  angle  of 
65  degrees  without  becoming  overbalanced.  These  tests  would  in- 
dicate that  there  is  a  considerably  greater  degree  of  safety  when 
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Fig.  193, — CompariBon  to  Show  Relative  Stability  of  Two  Types  of 
Frame  Suspension.  A — Angle  at  Which  Overhung  Car  Ceases  to 
Be  in  Stable  Equilibrium.  B — Angle  to  Which  Underslung  Car 
May  Be  Tipped  Without  Danger  of  Overturning. 

the  underslung  frame  is  used  as  compared  to  the  conventional 
method  of  construction. 

Q.  Describe  construction  of  typical  frame  made  of  pressed 
steel. 

A.  A  typical  frame  of  the  pressed  steel  form  consists  essentially 
of  two  side  members  joined  together  by  means  of  cross  members 
which  act  as  spacers  to  separate  the  two  frame  sides,  as  well  as 
form  a  supporting  means  for  the  power  plant  and  transmission 
elements.    It  will  be  noted  at  Fig.  190- A  the  one  piece  frame  sides 
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are  joined  by  four  cross  members,  one  at  the  front  practically 
the  front  axle,  which  serves  as  a  radiator  support,  two  at  tl 
termediate  points  in  the  frame  under  the  body  and  a  fourth  i 
rear  end.  The  cross  members  are  well  braced  with  gusset ; 
or  triangular  pieces  of  pressed  steel  in  order  to  stiffen  the  con 
tion.  Some  forms  of  frames  have  a  shorter  inner  member  oi 
frame  carried  between  the  two  side  members. 

Q.    What  is  the  sub-frame  for? 

A.  The  sub-frame  is  employed  to  support  the  power  plw 
change  speed  gearing  when  the  main  frame  side  members  a 
far  apart  to  permit  these  units  being  attached  directly  to  the 
sides. 

Q.    How  are  the  springs  attached  to  a  frame? 

A.  The  springs  are  attached  to  special  spring  horns  or  bi 
securely  riveted  to  the  frame  side  members. 

Q.  How  are  running  board  supporting  irons,  radius 
spring  end  brackets  and  other  parts  attached  to  the  fram 

A.  The  usual  method  of  attaching  auxiliary  parts  not  lil 
be  removed  to  the  frame  is  by  some  permanent  means  of  s< 
as  by  riveting. 

Q.     Name  common  types  of  springs. 

A.  The  common  forms  of  springs  utilized  in  motor  car  co: 
tion  are  the  helical  coil  and  laminated  leaf  forms. 

Q.    Where  are  coil  springs  used  in  automobile  constn 

A.  Coil  springs  are  generally  employed  in  various  parts 
mechanism  such  as  on  the  valves,  in  the  clutch  and  to  return '' 
rods  or  operating  levers  to  their  proper  position  when  released, 
forms  of  automobiles  have  been  made  in  which  coil  spring 
utilized  as  supporting  mediums  for  the  frame  but  these  ha 
been  generally  used  on  account  of  various  structural  defects 

Q.    Why  are  laminated  leaf  springs  so  generally  used 

A.    When  the  laminated  leaf  construction  is  employe 

possible  to  so  proportion  the  springs  that  members  havinj 

strength  and  resiliency  are  used  aiid  \i\ifc  ^\jt%TL\fiii  TCk».Y  be 

easily  by  using  different  numbers  and  md^Joa  o\\^»i«^.  1 
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the  spring  leaves  should  break  the  member  is  still  serviceable, 
whereas  if  one  of  the  coils  of  a  helical  spring  breaks  the  member 
can  be  used  no  longer.  Coil  springs  are  especially  desirable  where 
quick  action  is  required  and  it  is  because  of  this  quality  that  they 
are  employed  as  valve  springs  and  in  motor  car  seat  cushions  or 
where  great  strength  is  needed  in  small  space,  which  is  the  reason 
that  coil  springs  are  used  in  clutches.  The  springs  used  for  frame  sus- 
pension must  be  more  gradual  in  action  and  it  is  for  this  reason  that 
the  leaf  form  is  preferred  because  in  the  few  cases  where  coil  springs 
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Fig.  194. — The   Two   Most   Popular    Forms   of   Automobile    Springy. 
A — Semi-Elliptic  Type.     B — ^Three-Quarter  Elliptic  Forms. 

have  been  used  their  action  had  to  be  dampened  or  retarded  by 
means  of  friction  shock  absorbers  or  other  devices  of  that  character. 

Q.     Name  principal  types  of  leaf  springs. 

A.  Leaf  springs  used  for  supporting  automobile  frames  are  either 
of  the  semi-elliptic,  three-quarter  or  full  elliptic  type;  or  the  plat- 
form spring,  which  is  a  composite  form  composed  of  three  semi- 
elliptic  members. 
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Q.  Describe  construction  and  state  advantages  of  semi-elliptic 
springs. 

A.  The  semi-elliptic  spring  is  shown  at  Fig.  194-A  and  as  will 
be  noted  it  is  composed  of  a  number  of  strips  of  steel  graduated  in 
length  so  the  longest  member  is  at  the  top  and  the  shortest  member 
is  at  the  bottom.  The  upper  leaf  is  turned  over  at  the  ends  to  iotm 
eyes  by  which  the  spring  is  attached  to  the  frame  and  the  other 
leaves  are  held  to  the  top  leaf  or  main  member  by  means  of  small 
clamps.  The  semi-eliptic  form  of  spring  is  suited  for  carrying  great 
weight  and  is  well  adapted  for  use  at  points  where  a  stiff  suspension 
is  desired. 

Q.  What  are  three-quarter  and  full  elliptic  springs  and  why 
are  they  used  ? 

A.  A  three-quarter  scroll  elliptic  spring  is  shown  at  Fig.  194-B. 
This  member  is  composed  of  a  semi-elliptic  spring  and  an  auxiUary 
member  which  is  a  quarter  elliptic  spring  secured  to  one  end  of  the 
lower  member  by  means  of  a  spring  shackle.  The  free  end  of  the 
upper  member  is  attached  to  the  motor  car  frame,  as  is  the  free  end  of 
the  semi-elliptic  or  lower  member.  A  full  elliptic  spring  is  composed 
of  two  semi-elliptic  members  joined  together  either  in  the  manner 
indicated  for  the  three-quarter  elliptic  as  outlined  at  B,  or  by  in- 
verting one  member  and  have  it  fit  into  suitable  sockets  at  the  ends 
of  the  other  member.  The  advantage  of  the  full  elliptic  and  three- 
quarter  form  is  greater  flexibility  on  account  of  the  construction 
permitting  greater  spring  movement  than  is  possible  with  the  semi- 
eliptic  form  of  the  same  length. 

Q.    W^hat  is  the  platform  spring  suspension  ? 

A.  Two  forms  of  platform  springs  are  shown  at  Figs.  195  and 
196.  The  platform  spring  consists  of  three  semi-elliptic  members, 
two  of  which  are  placed  parallel  with  the  frame  side  members  while 
the  other  is  placed  at  the  rear  end  of  the  frame  parallel  to  the  cross 
member.  The  front  end  of  the  side  springs  are  secured  to  the  frame, 
they  are  attached  to  the  axle  at  their  center  and  to  shackles  car- 
ried by  the  cross  spring  ends  at  the  rear.  The  frame  is  supported 
by  one  point  at  the  center  of  the  rear  cross  member  which  rests 
at  the  top  of  the  arc  of  the  cross  spring.    The  cross  spring  shown 
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at  £1g.  195  is  used  on  a  pleasure  car  chassis  and  it  will  be  Doted  that 
the  frame  side  members  are  raised  directly  over  the  axle  in  order 
to  permit  the  proper  degree  of  ax]e  movement.  The  heavier  con- 
struction outlined  at  Fig.  196  shows  the  application  of  a  platform 
spring  assembly  to  the  frame  and  axle  of  a  motor  truck. 


Q.    Outline  the  conventional  spring  suspension  system. 

A,  As  a  rule  the  front  end  of  the  car  is  supported  on  semi-ellip- 
tic springs  while  the  rear  end  may  be  carried  on  three-quarter 
elliptic,  as  shown  at  Fig.  190-A,  or  by  full  elliptic  or  by  the  plat- 
form spring  as  shown  at  Figs.  195  and  196.  On  some  heavy  commer- 
cial car  frames,  as  shown  at  Fig.  190-B,  semi-elliptic  springs  are 
utilized  at  both  front  and  rear  of  the  frame,  though  in  most  forms 
of  pleasure  cars  the  semi-elliptic  springs  are  utilized  only  at  the  front 
end. 

Q.  ^Vhy  are  semi-elliptic  springs  desirable  for  supporting  front 
ends  of  frame  ? 

A.  On  account  of  the  front  end  of  the  frame  carrying  the  power 
plant  and  also  having  the  front  axle,  which  is  depended  on  for 
steering  the  car,  attached  to  it,  it  is  not  desirable  or  necessary  to 
have  great  flexibility  at  that  point.    The  semi-elliptic  foECC^  c»st^ 
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the  weight  with  minimum  side  sway,  serve  to  hold  the  frontu 
steady,  and  while  it  doea  not  permit  much  motion  up  e 
it  still  possesses  sufGcient  flexibility  so  the  mechanism  is  not  \m 
enough  to  harm  it. 

Q.     Describe  a  compound  spring  and  state  its  advantages. 

A.     A  compound  spring  is  a  form  in  which  various  members  an  \] 
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joined  together  so  they  may  be  brought  in  action  progressively 
as  the  loads  increase  and  ae  greater  spring  strength  is  desired.  The 
construction  of  the  rear  end  of  a  typical  three-quarter  ellipticfipnni 
of  the  compound  form  is  shown  at  Fig.  197.  Under  light  losda  the 
more  flexible  member  of  the  lower  spring,  which  is  the  longest,  and 
the  shortest  member  of  the  upper  spring  are  utilized  and  when  the 
loads  increase  the  other  members  are  brought  into  service  [vogrM- 
sively.  A  compound  spring  is  said  to  produce  as  easy  riding  when 
a  car  is  not  fully  loaded  as  when  it  is  flUed  with  its  full  complement 
of  passengers.  With  the  ordinary  spring  suspension  designed  to 
carry  maximum  weight  stiff  action  maj  tesoV\,  il  \lw  cm  ia  not  loaded 
to  capacity.     With  a  compound  spnnfE,  oiA^s  c«x\i«a3^  v^f^o^^stA  d^'l 
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are  brought  in  action  when  the  loads  are  light,  the  entire  spring 
being  used  only  under  conditions  where  maximum  strength  is  needed. 

Q.     How  is  spring  strength  obtained? 

A.  The  strength  of  leaf  sprlnga  is  determined  by  the  width  and 
ihieknesB  of  the  laminse,  the  number  used  and  the  material  of  which 
they  are  composed, 

Q.     How  is  spring  flexibility  secured? 

A.  A  spring  is  made  flexible  by  using  long  and  thin  plates  and 
by  employing  as  small  a  number  as  possible. 


Fig.  197. — Compound  Spring  Structure. 
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Q,  How  are  springs  attached  to  axles? 
A.  The  method  of  securing  semi-elliptic  springs  to  front 
clearly  shown  at  Fig,  198.  They  are  held  by  means  of  U  clip 
straddle  the  spring  at  its  center  and  which  bolt  it  firmly  ti 
pads  formed  integral  with  or  supported  by  the  axle.  On  re 
the  springs  aresecured  to  special  fittings  movable  on  the  axle 
tube  in  the  same  manner 

Q.     Why  are  movable  spring  blocks  needed  at  the  rei 

A.     It  is  desirable  to  mount  the  rear  spr  ngs  on  sprini 

which  are  not  rigidly  secured  to  the  axle,  though  kept  fi 

movement  by  collars,  because  it  is  considered   good  prs 

relieve  the  springs  of  all  driving  and  braking  torque  stresses 


the  brakes  are  employed  the  tendency  of  car  movement  if 
the  axle  around  in  the  direction  in  which  the  rear  wheels  are 
It  is  desirable  to  resist  this  tendency  to  turn  by  means  of  ■ 
restraining  member  instead  of  depending  upon  the  springs  i 
Obviously  if  the  spring  blocks  were  securely  fastened  to 
bousing  tube,  the  tendency  of  axle  rotation  would  be  res 
the  springs  which  would  have  to  be  of  heavier  construct! 
if  depended  only  to  support  the  car. 

Q.     What  is  driving  torque? 

A.  Driving  torque  is  similar  to  braking  torque  and  is 
ency  the  axle  has  to  turn  owing  to  gcovkod  resistance  to  kA 
the  driving  wheels. 
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Q.     What  means  are  provided  to  resist  these  stresses? 

A.  The  rear  axle  is  usually  restrained  from  movement  by  a 
special  torque  tube  or  rod  which  runs  from  the  axle  to  which  it  is 
rigidly  secured  to  a  suitable  restraining  member  carried  by  one  of 
the  frame  cross  members.  The  torque  stresses  may  be  resisted  by 
a  torque  tube  as  shown  at  Fig.  199.  This  member  acts  as  a  housing 
for  the  drive  shaft  as  well  as  a  torque  tube,  and  owing  to  its  length 
the  turning  force  present  at  the  differe((tial  case  will  be  reduced  ap- 


Fig,  IM^Rear  Arie  Assembly  Showing  Torque  Tube  and  Brace  Rod. 


preciably  at  the  upper  end.  In  some  driving  systems  the  drive  sh^t 
is  provided  with  two  universal  joints  and  is  not  protected  by  a 
tube  or  housing.  , Axles  of  the  type  illustrated  at  Fig.  200  utilize 
a  separate  torque  rod  which  runs  parallel  to  the  driving  shaft  and 
having  its  center  line  on  the  same  plane  as  that  of  the  drive  member. 
This  torque  rod  is  securely  attached  to  the  differential  housing 
at  the  rear  end  and  to  a  special  carrier  member  adapted  to  be  sup- 
ported from  one  of  the  frame  cross  braces  at  its  front  end. 
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Fig.  200. — Rear  Axle  Showing  Application  of  Torque  Rod  and  Radius 
Hembera  to  Take  Braking  and  Driving  Torque. 


What  are  functions  of  radius  rods? 

Eadius  rods  or  distance  members  are  employed  to  keep  the 


axle  always  at  the  same  distance  from  the  frame  aide,  and  to  act  as 
bracing  members  to  prevent  the  tendency  of  one  end  of  the  axle 
to  advance  more  than  the  other  under  certain  conditions  where 
the  driving  wheels  encounter  varying  resistances.  The  brace  rods 
may  be  of  the  form  shown  at  Fig.  199  where  they  are  attached  to 
the  front  end  of  the  torque  tube  or  they  may  be  separate  members 
aa  shown  at  Fig.  200  adapted  for  attachment  to  the  frame  at  the 
front  end  and  to  the  axle  at  the  back. 


LESSON  TWENTY-THREE 

THE  STEERING  GEAR  AND  FRONT  AXLE 

Q.     How  is  the  automobile  steered? 

A.  Automobiles  may  be  steered  by  simple  levers  or  by  hand 
wheels. 

Q.     What  is  the  simplest  method? 

A.  The  simplest  forms  of  steering  connection  are  the  direct 
tiller  or  lever  steering  gears  actuating  the  front  wheels  by  direct 
connecting  rods.  These  lever  or  tiller  steering  gears  are  used  at 
the  present  time  only  on  electric  automobiles,  though  they  were 
formerly  used  extensively  on  all  classes  of  motor  vehicles. 

Q.  How  does  an  automobile  front  axle  differ  from  that  of 
a  horse  drawn  vehicle? 

A.  The  front  axle  of  a  carriage  or  wagon  is  a  one-piece  member, 
having  the  wheels  revolving  on  its  ends  and  adapted  to  swing  around 
a  central  pivotal  point  so  that  the  entire  axle  is  moved  when  it  is 
desired  to  turn.  The  axle  of  an  automobile  is  not  movable  but  the 
wheels  are  mounted  on  independent  supporting  members  so  they 
may  be  set  at  an  angle  when  it  is  desired  to  direct  the  automobile 
in  any  other  than  a  straight  course. 

Q.  Why  is  it  not  advisable  to  use  a  movable  axle  on  an  auto- 
mobile? 

A.  The  movable  form  of  axle  such  as  used  in  carriages  and  other 
horse  drawn  vehicles  is  well  adapted  for  this  purpose  because  it 
can  be  easily  swung  around  by  the  animals  furnishing  the  motive 
power.  If  used  on  an  automobile  it  would  require  considerable 
effort  to  turn  the  axle  and  it  would  be  very  diflSicult  to  swing  the 
entire  axle  of  a  heavily  loaded  car  around  if  the  wheels  were  in  ruts. 
Another  disadvantage  of  the  movable  axle  would  be  a  loss  of  stabil- 
ity if  attempt  was  made  to  turn  a  corner  at  even  moderate  speed. 
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In  a  horse  drawn  vehicle  the  weight  of  the  animal  between  the 
shafts  prevents  the  conveyance  from  tipping  over  even  if  a  very 
short  comer  is  turned,  .Jid  then  again  the  turns  are  negotiated  ao 
slowly  that  the  tipping  effect  on  the  average  wagon  is  practically 
negligible. 
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Ti%.    201.— Typical    Front    Axle    and    Steering    Mechanism    Showing 
Method  of  Moving  Wheel  Supporting  Spindles. 

Q.  What  class  of  self-propelled  vehicle  uses  a  one-piece  axle 
to  some  extent? 

A.  One-piece  front  axles  for  steering  are  sometimes  applied  to 
steam  and  gas  traction  engines,  of  which  the  road  roller  ordinarily 
used  is  the  most  common  example.  To  steer  vehicles  of  this  nature 
the  entire  front  axle  is  swmig  around  by  means  of  chMns  attached 
to  the  ends  of  the  axle  near  the  wheel  hubs  and  to  some  form  of 
reduction  gear  operated  by  a  hand  wheel  at  the  other  end  so  that 
the  operator  may  move  the  front  axle  under  its  heavy  load  without 
expenditure  oi  undue  energy. 
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Q.  Why  can  it  be  used  in  this  application  and  not  on  an  auto- 
mobile ? 

A.  As  the  maximum  speed  of  traction  engines  is  seldom  over 
four  miles  an  hour,  the  operator  has  ample  time  to  make  a  turn 
and  half  a  dozen  or  more  turns  of  the  handwheel  may  be  used  to 
describe  a  circle  of  very  large  radius.  The  steering  system  of  the 
motor  car  is  much  more  sensitive  than  that  of  a  traction  engine  and 
on  account  of  the  higher  speeds  possible  it  is  imperative  that  the 
steering  arrangement  be  such  that  it  will  operate  immediately  and 
surely.  It  would  not  be  possible  for  the  average  motorist  to  handle 
an  automobile  effectively  at  even  moderate  speeds  if  it  was  neces- 
sary to  swing  the  entire  axle  as  in  a  road  ro  ler  or  wagon. 

Q.     How  are  the  wheels  moved  to  steer  an  automobile? 

A.  A  typical  front  axle  and  steering  gear  arrangement  is  shown 
at  Fig.  201.  The  handwheel,  which  is  carried  at  the  end  of  the 
steering  colunm,  operates  the  steering  arm  at  the  lower  end  which 
in  turn  moves  one  of  the  steering  knuckles  which  carries  a  spindle 
on  which  the  wheel  revolves.  The  steering  spindles  at  opposite 
ends  of  the  axle  are  actuated  by  a  common  member  so  they 
oscillate  in  unison,  and  assume  correct  angles  for  diverting  the 
vehicle  from  a  straight  course. 

Q.    What  connects  the  wheels  so  they  will  move  together? 

A.  As  will  be  seen  by  referring  to  Figs.  201  and  202  the  wheel 
spindles  carried  in  the  steering  yokes  have  arms  projecting  from 
them  at  approximately  right  angles  which  are  joined  together  by 
a  piece  of  tubing  or  rod  known  as  the  '^tie-bar."  Obviously  moving 
one  of  the  wheel  spindles  must  produce  a  corresponding  movement 
of  the  other. 

Q.    What  connects  the  wheels  with  the  steering  gear? 

A.  TJie  steering  arm,  carried  by  one  of  the  steering  knuckles, 
is  joined  to  the  corresponding  member  of  the  steering  gear  by  means 
of  a  rod  which  is  called  a  drag  link  when  it  is  approximately  paral- 
lel to  the  axle  as  shown  at  Fig.  202  and  sometimes  the  "fore  and 
aft''  rod  when  installed  as  shown  at  Fig.  201  where  it  is  approxi- 
mately parallel  to  the  frame  side  member. 
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Q.  What  is  the  main  disadvantage  of  the  direct  leverage  sys- 
tem of  steering? 

A.  The  method  of  moving  the  front  wheels  by  simple  lever  con- 
nections with  a  tiller  or  steering  bar  operated  by  the  hand  offers  a  dis- 
advantage that  it  is  only  suitable  for  slow  moving  vehicles  on  ac- 
comit  of  the  amomit  of  power  needed  to  turn  the  wheels  of  even 
a  medium  weight  conveyance.  The  direct  leverage  system  of 
steering  is  known  as  a  "reversible"  steering  gear  because  it  is  pos- 
sible to  move  the  hand  lever  by  moving  the  wheels.  This  means 
that  every  obstacle  or  inequality  of  the  highway  surface  that  will 
produce  a  movement  of  the  steering  wheel  will  also  produce  a  cor- 
responding movement  of  the  hand  lever  which  must  be  resisted  by 
the  person  steering. 

Q.  What  is  the  advantage  of  gear  reduction  between  hand 
wheel  and  steering  arm  going  to  the  front  axle? 

A.  The  use  of  a  hand  wheel,  instead  of  a  lever,  makes  for  easier 
handling  and  the  reduction  gearing  carried  at  the  bottom  of  the 
steering  post  in  most  cases  enables  the  operator  to  turn  the  wheel 
of  even  the  heaviest  automobile  without  using  all  his  strength. 
Steering  gears  may  be  either  of  the  reversible  or  irreversible  type, 
the  latter  being  the  most  common. 

Q.     Describe  simplest  form  of  geared  steering  arrangement? 

A.  The  simplest  form  of  geared  steering  arrangement  consists 
of  cither  a  spur  or  bevel  pinion  carried  at  the  end  of  the  steering 
post  meshing  with  a  suitable  spur  rack  or  beveled  sector  which 
has  two  or  three  times  the  number  of  teeth  provided  on  the  pinion 
that  actuates  it.  This  means  that  it  will  be  necessary  to  turn  the 
handwheel  two  or  three  times  in  order  to  obtain  a  full  movement 
of  the  rack  or  sector  to  which  the  steering  arm  is  attached,  which 
produces  the  complete  movement  of  the  steering  wheels  from  one 
maximum  position  to  the  other. 

Q.  What  are  the  advantages  of  spur  or  bevel  rack  and  pinion 
steering  gears  and  on  what  classes  of  cars  are  they  used? 

A.  The  main  advantage  of  the  simple  form  of  steering  gear  is 
that  they  are  easily  operated  and  not  likely  to  get  out  of  order.    They 
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are  not  costly  to  build  and  usually  form  the  equipment  oi 
light  cars  where  an  irreversible  steering  gear  is  not  absolut 


Q.     What  is  an  irreversible  steering  gear,  and  how 

differ  from  a  reversible  steering  airangemntt? 

.A.     The  irreversible  forms  of  steering  gears  we  those  thl 

reduction  gearing  that  is  not  capable  of  being  turned 'eacep 

bandwheel  and  which  is  therefore  not  affected  by  the  aetio 

road  wheels.    As  previously  expVw.ufti^'bfcisaK^wsiVicnift^i 
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are  reversible  and  movement  of  the  front  wheels  is  commimi- 
i  directly  to  the  hand  lever  or  wheel,  the  constant  movement 
hich  is  apt  to  tire  the  operator. 

Which  is  the  best  type  and  why? 

The  irreversible  forms  of  steering  gear,  while  slower  acting 
the  simpler  reversible  type,  are  the  most  popular  because  they 
;he  safest,  the  most  easily  handled,  and  the  most  powerful 
.  The  wheels  of  the  largest  car  fitted  with  an  irreversible 
may  be  turned  without  diflSculty  by  any  person  of  average 
gth. 

Describe  action  of  worm  reduction  steering  gear. 

Two  forms  of  worm  and  worm  gear  reducmg  gearing  are 
led  at  Figs.  203  and  204.  They  are  similar  in  construction, 
>t  that  one  utilizes  a  complete  worm  gear  to  actuate  the  steer- 
rm  while  the  other  employs  a  worm  gear  segment.  The  worm 
ried  at  the  lower  end  of  the  steering  post,  being  restrained  from 
novement  by  ball  thrust  bearing  at  either  side.  It  is  keyed  to 
teering  column  so  the  worm  must  be  turned  with  the  hand 
1.  The  worm,  as  it  revolves,  rotates  the  worm  gear  to  which 
iteering  arm  is  secured  and  this  is  oscillated  back  and  forth 
e  worm  is  turned.  The  motion  imparted  to  the  steering  arm 
msferred  to  the  movable  wheel  spindles  on  the  front  axle  by 
IS  of  a  drag  link.  While  it  is  possible  to  turn  the  worm  gear 
igh  the  medium  of  the  worm,  the  pitch  of  the  thread  on  the 
r  is  such  that  it  is  not  possible  to  move  the  worm  and  conse- 
tly  the  handwheel  used  to  operate  it  by  moving  the  steering 
or  wheels. 

What  is  a  thread  and  nut  steering  arrangement? 

The  thread  and  nut  steering  arrangement  differs  from  the 
a  type  in  that  the  end  of  the  steering  post  is  threaded  with  a 
le  screw  thread  and  pulls  a  nut  up  and  down  as  it  is  rotated. 
le  nut  is  kept  from  turning  it  is  apparent  that  it  will  be  moyed 
le  direction  or  the  other  and  that  this  movement  may  be  trans- 
(tto  the  steering  wheels  by  means  of  a  simple  be\\  ct^iSkkV^M^T^ 
bart  mm  of  wbicb  is  operated  by  the  nut  t\iat  ^oiVs^  >r^  «sA 
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e  steeriug  post,  while  the  long  arm  performs  the  same 
the  steering  arm  of  a  worm  reduction  gear. 
'  are  the  engine  control  levers  usually  carried  conven- 
ateering  wheel? 

evers  used  to  regulate  the  time  of  the  ignition  and  the 
as  supplied  the  motor  are  invariably  placed  convenient 
ng  wheel  so  the  motor  speed  may  be  regulated  without 
le  hand  from  the  wheel  rim,  except  for  an  instant.  In 
the  levers  are 


Fig.  205. — Showing  Method  of  HountinE 
Motor  Control  Levers  at  Upper  End 
less  moved    by  of  Steering  Column  over  HandwheeL 


e  two  common  methods  of  front  axle  construction, 
two  general  methods  of  front   axle  construction  ^e 
g.  206.    The  form  outlined  at  A  is  a  tubultifaxle,  while 
a  one-piece  jorang  termed  the  Lbeam axle.      .    i-  - 
■  are  the  various  parts  of  a  tubular  axle  assembled 
init? 

tubular  axle  is  composed  of  a  number  of  castings  or 
aobed  to  a  steel  tube.  In  the  construction  atiQ-wn.  ^ 
t&».  steering  yokes  and  spriiys  chairs  axe  ee^»iaXA"3 
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formed  members  which  are  pushed  in  place  on  the  steel  tube  i 
ing  the  axle  proper  and  after  being  properly  located  are  pinn 
place  and  then  brazed  to  the  axle  tube. 

Q.    What  is  the  advantage  of  the  I-beam  axle? 

A.  The  I-beam  axle  is  forged  in  one  piece  with  steering ; 
and  spring  chairs  formed  integral  and  there  is  no  possibility  of 
members  becoming  loose  as  sometimes  occurs  with  poorly 
structed  tubular  axles.  The  I-beam  axle  is  the  strongest  com 
[_-r — —I- __,    tion  thougl 


Fig.  207.—FTont  Hub  Mouirttd  <: 
Steering  Spindle. 
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Mercedes  shown  at  Fig.  208.  In  the  former,  the  wheel  spindle 
is  attached  to  a  central  body  member  of  forged  steel  that  fits 
in  a  yoke  at  the  end  of  the  axle  and  which  rotates  on  a  through 
bolt  passing  through  the  axle  and  wheel  spindle  boss  and 
forming  a  bearing  for  these  members  as  well  as  holding  the 
assembly  together.  In  the  Mercedes  type  the  wheel  spindle  is 
attached  to  a  yoke  member  while  the  axle  is  provided  with  a 
simple  bearing  boss,  the  two  parts  being  held  together  by  a  bolt 
as  in  the  construction  previously  outlined. 

Q.  What  is  the  "caster"  axle  construction  and  its  advan- 
tages? 

A.  Forms  of  front  axles  having  a  peculiar  steering  spindle  con- 
Btruction  in  which  the  wheel  spindle  center  line  is  carried  back  of 


Fig.  208. — Front  Hub  Mounted  on  Hercedes  Type  Steering  Seiitdlft. 
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that  of  the  axle  proper  are  termed  ''caster  axles"  because  the  wheehS 
tend  to  trail  along  and  run  straight  even  if  the  tie  bar  joining  the  J! 
two  wheel  spindles  should  break  or  become  loose.  It  is  contended 
that  this  form  of  axle  provides  greater  safety  on  account  of  the  wheds 
tending  to  travel  in  a  straight  p^th  automatically.  Other  claims 
of  easier  steering  and  longer  tire  life  are  also  advanced  by  adherents 
of  this  method  of  construction  which  is  not  very  widely  used. 

Q.     What  types  of  bearings    are    generally    used    in   front 
wheels? 

A.  Front  wheels  are  invariably  mounted  on  anti-friction  bear- 
ing of  the  ball  or  roller  form.  The  wheel  hubs  outlined  at  Figs.  207 
and  208  are  carried  on  ball  bearings  while  the  wheel  spindles  of  the 
heavy  truck  axle  depicted  at  Fig.  202  and  that  of  the  touring  car 
axle  at  Fig.  201  are  mounted  on  taper  roller  bearings.  A  full  difr 
cussion  of  anti-friction  bearings  and  their  advantages  is  given  in 
Lesson  25. 

Q.     How  are  the  springs  secured  to  the  front  axle? 

A  The  springs  usually  rest  on  pads  or  spring  chairs,  either  at^- 
tached  to  the  axle  as  in  the  built-up  tubular  construction  or  forged 
integrally  in  one-piece  axles  and  are  kept  from  moving  out  of  place 
by  means  of  U  shaped  spring  clips  which  straddle  the  springs  and 
pass  through  the  spring  pads  or  chairs  where  they  are  held  securdy 
by  means  of  locking  nuts.  The  construction  of  a  spring  pad  and 
arrangement  of  spring  clips  are  clearly  outlined  at  Fig.  202. 
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Q.     What  types  of  wheels  are  used  for  automobiles? 

A.  Automobile  wheels  may  be  divided  into  two  main  elassifica- 
tionsy  those  made  of  wood  and  the  forms  composed  entirely  of  metal. 
Wooden  wheels  are  generally  of  the  artillery  type,  while  metal 
wheels  may  be  any  one  of  f oui*  different  forms.  The  most  common 
metal  wheel  construction  is  the  wire  spoked  form  similar  in  ap- 
pearance to  those  used  on  bicycles  and  motorcycles.  Other  forms 
are  composed  of  two  metal  discs  riveted  to  the  hub  at  the  center 
portion  and  together  at  the  rim.  There  is  another  method  of  metal 
wheel  construction  patterned  after  the  artillery  wooden  wheel  ex- 
cepting that  it  is  made  up  of  tubing  and  channel  sections  brazed 
together  to  form  the  complete  assembly.  A  form  of  metal  wheel 
that  is  receiving  some  application  in  heavy  vehicle  service  is  com- 
posed of  a  large  steel  casting,  having  fewer  spokes  than  the  usual 
artillery  wheels.  These  spokes  are  cast  with  flanges  or  ribs  which 
act  as  a  reinforcement  and  the  wheel  is  a  very  substantial  member. 

Q.     Describe  construction  of  artillery  wheel. 

A.  The  wooden  portions  of  an  efficient  form  of  artillery  wheel 
used  for  pleasure  cars  are  clearly  shown  at  Fig.  209.  The  spokes, 
which  are  made  of  hickory,  are  joined  together  at  the  central  part 
of  the  wheel  by  a  series  of  interlocking  mortise  and  tenon  joints 
which  form  a  very  strong  assembly  and  they  are  inserted  into  holes 
in  a  wooden  felloe  at  their  outer  ends.  The  complete  artillery  wheel 
with  metal  hub  and  rim  in  place  is  shown  at  Fig.  210,  while  the  two 
forms  outlined  at  Fig.  211  show  clearly  the  method  of  holding  the 
lower  end  of  the  spoke  securely  between  the  main  hub  casting  and 
the  metal  flange  which  acts  as  a  clamping  member.  The  main  cast^ 
ing  serves  as  a  housing  for  the  bearings  on  which  the  wheel  revolves. 
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The  wheel  shown  at  A,  Fig.  211,  is  a  lighter  form  than  that  outlinetl 
at  B  and  is  intended  for  application  on  the  front  axle  of  a  motor 
truck.  The  heavier  and  stronger  wheel  with  sprocket  and  brake 
drum  attached  is  one  of  the  traction  members  that  revolve  on  the 
rear  axle.  The  rubber  tires  with  which  these  wheels  are  provided 
are  not  shown  in  this  view  but  the  appearance  of  a  complete  whed 
with  sectional  block  tires  and  retaining  flanges  in  place  is  clearly 
depicted  at  Fig.  210. 

Q.  Describe  a  typical  cast-steel  wheel  for  motor  trucks. 
A.  Heavy  cast-steel  wheels  intended  for  iise  on  a  large  motor 
truck  of  German  design  are  shown  at  Fig.  210-a.  That  at  A  is  t 
front  wheel  and  is  fitted  with  a  single  tu-e.  That  at  fi  is  a  rear  wbed 
with  rim  of  sufficient  width  to  take  two  solid  rubber  tires  side  by 
aide.  The  wheel  construction  consists  of  a  steel  casting  haTing 
cored  spokes  and  rim  to  give  it  lightness,  provided  with  a  plain  bear 
ing  hub.  The  construction  of  the  front  and  rear  wheels  is  amiltf 
except  that  the  hollow  rim  and  spokes  of  the  latter  are  of  UrgB 
eize  and  the  spokes  are  provided  m\.\i  bQeeea  ^hiou^  which  tlie 
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bolts  holding  the  driving  sprocket  and  brake  drum  in  place  are  se- 
cured. The  use  of  plain  bearings  is  not  general  on  American  motor 
trucks  on  account  of  the  friction  present  when  the  wheels  are  heav- 
ily loaded.  Plain  bearinp  are  suitable  only  where  truck  speeds 
are  very  low  and  the  motor  has  a  margin  of  power  over  the  actual 
reqmrements. 


C/}tm 


Fig.  210A.— Motor  Truck  Wheels  of  German  Design  Made  \>y  Steel 
Casting  Fioccsb, 

Q.  Outline  construction  of  wire  spoke  wheels  and  state  their 
advantages. 

A.  A  tangent  spoke  wire  wheel  adapted  for  automobile  use 
complete  with  tire  is  shown  at  Fig.  212,  while  the  various  methods 
of  wire  wheel  construction  in  vogue  are  outlined  at  Figs.  213,  214, 
and  215.  Wire  wheels  may  l>e  of  either  the  double  or  triple  spoke 
construction  as  indicated  at  A,  Fig,  213.  The  double  spoke  type 
follows  lines  that  have  been  established  as  standard  in  bicycle  and 
motorcycle  construction  and  differs  but  slightly  from  the  wheels 
used  on  the  lighter  vehicles  except  in  the  matter  of  structural  strength 
of  the  components.    The  triple  spoke  construetion  has  been  dev«.V~ 
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oped  especially  with  the  requirements  of  the  heavier  forms  of  K 
propelled  vehicles  in  miad  and  is  stronger  than  the  form  having  d 
lesser  number  of  spokes. 

The  spokes  are  similar  in  construction  to  those  used  in  Iney 
wheels  but  are  much  stronger  and  made  of  higher  grade  mat 


Fig.  211.- 


on  account  of  the  severe  duties  they  perform.  The  spoke  ia  pro- 
vided at  the  lower  end  with  a  button  head  to  keep  it  from  pulling 
through  the  hole  in  the  hub  when  it  is  tightened  by  the  threaded 
nipple  at  the  upper  end  passing  through  and  having  a  head  which 
beai^  against  the  rim.  After  "Can,  &poke&  of  &  ^me  wheel  are  in  place 
sll  the  nippies  are  screwed  up  so  t\ia^  tta  ^ATiaoa.  a 
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es  is  as  nearly  tbe  same  as  it  is  possible  to  obtain  and  have 
si  run  true.    The  method  by  which  the  upper  end  of  the 

attached  to  the  rim  is  clearly  outlined  at  Fig.  213-B. 
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ilumed  that  with  wire  wheels  considerably  more  elasticity 
it  than  in  wooden  members  and  that  this  type  of  wheel  is 
aier  <m  tires.     Experiments  conducted  during  the  past  two 

years  have  served  to  establish  the  belief  in  some  quarters 
■e  wheels  double  the  life  of  tires  as  compared  to  wooden 

The  main  reason  advanced  is  that  wire  wheels  are  extremely 
their  peripheries  and  the  reduction  of  weight  at  this  point 
68  the  flywheel  effect  and  heavier  blows  of  the  wooden  wheel 
a  it  strikes  an  obstruction  in  the  roadway.  The  difference 
theeffect  of  shock  on  the  tires  of  a  wooden  wheel  with  a  heavy 
mble  rim  at  its  periphery  and  the  wire  w\iee\  ■wV)Q.\\&\vi^ 
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single  rim  is  equal  to  the  difference  between  a*  blow  struck  with  a 
light  hammer  and  one  struck  with  a  hammer  weighing  six  or  eight 
pounds.  Obviously,  as  the  wheel  revolves  the  force  of  the  tire  strik* 
ing  the  surface  of  the  road  is  almost  the  same  as  though  a  blow  were 
being  struck  against  the  tire 

With  the  wire  wheel  the  weight  is  suspended  from  seventy  com- 
mon points.  It  is  never  entirely  supported  on  one  spoke  in  com- 
pression as  is  the  case  with  a  wood  wheel.  When  an  obstruction 
is  met  it  is  like  striking  a  punching  bag  between  ropes  as  the  shock 
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Fig.  213.— Outlining  Structural  Details  of  Wire  Wheels.     A--Arrangc- 
ment  of  Spokes.     B — How  Spokes  are  Secured  to  Rim. 


is  absorbed  by  the  flexible  steel  members  joining  the  wheel  rim  to 
the  hub.  With  wooden  spokes  a  portion  of  the  shock  is  absorbed 
by  the  wood  but  a  large  part  of  it  is  transmitted  directly  to  the 
wheel  hub. 

Another  quality  of  equal  importance  is  the  ability  of  the  wire 
wheel  with  the  spokes  laced  tangent  to  absorb  the  shock  of  starting 
or  sudden  application  of  power  in  the  plane  in  which  the  wheel 
rotates.    This  quality  is  absent  in  wr»od  wheel  construction. 
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It  is  a  well  known  fact  that  the  friction  between  tire  and  r6Ail  '^ 
generated  in  driving  a  car  at  even  a  reasonable  speed  results  in  quick 
and  excessive  heating  of  the  tire 
structure.  In  the  wood  wheel, 
which  serves  in  a  sense  as  insu- 
lation, there  is  a  very  slight 
ability  to  quickly  dissipate  heat. 
Wire  wheels  requiring  only  a 
thin  metallic  rim,  the  spokes 
serving  in  a  sense  as  cooling 
flanges,  will  dissipate  this  heat 
almost  as  quickly  as  it  is  gener- 
ated. This  results  in  keeping 
the  tire  at  almost  normal  tem- 
perature even  in  very  warm 
weather. 

The  wire  wheel  properly  con- 
structed can  be  manufactured 
and  kept  so  nearly  true,  both 
laterally  and  circumferentially, 
that  it  practically  eliminates  all 
wear  other  than  that  resulting 
from  the  friction  of  a  perfectly 
true  revolving  wheel. 

Q.     What  are  detachable  wheels  and  where  are  they  used? 

A.  Detachable  wheels  may  be  either  of  the  wire  wheel  pattern 
or  of  the  artillery  construction.  In  all  forms  of  detachable  wheels 
two  hubs  are  necessary,  an  inner  member  which  is  in  permanent 
assembly  with  the  axle  and  a  removable  outer  member  to  which  the 
spokes  and  rims  are  attached.  In  the  Rudge-Whitworth  construc- 
tion shown  at  Fig.  214  the  steel  shell  to  which  the  spokes  are  laced 
is  readily  removable  from  the  inner  member  or  hub  casting  proper. 
The  object  of  this  construction  is  to  permit  the  motorist  to  carry 
a  spare  wheel  with  a  fully  inflated  tire  so  that  in  event  of  puncture 
or  blowout  it  is  possible  to  remove  the  entire  detachable  wheel  as- 
sembly affected  and  replace  it  with  the  spare  member  carrying  the 


Fig.  214. — Construction  of  Ruage- 
Whitworth  Detachable  Wire 
Wheel. 
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fully  inflated  tire  which  has  been  provided  for  replacement  pia] 
All  detachable  wheels  are  constructed  so  that  they  may  be  n 
removed  from  th6  inner  hub  member  and  the  entire  wheel  ai 
may  be  replaced  much  easier  and  quicker  than  replacing  the  v 
ary  form  of  tire. 

The  wheel  shown  at  Fig.  215  is  a  quick  detachable  form  norm 
held  in  place  on  the  tapering  hub  shell  member  by  a  threaded  q 


1  r1 

i1 

n 

Fig.  215.— Typical  Amerjcan  Wire  Wheels  of  McCne  Deugn. 


tention  nut  and  which  is  driven  by  means  of  a  series  of  pwnb 
driving  pins  riveted  to  a  flange  on  the  inner  hub  and  paseing  throui 
suitable  openings  in  the  outer  hub  shell.  The  cfmstructitsk  of  fro 
and  rear  wheels  is  practically  the  same,  except  that  the  inner  b 
o/  the  former  is  intended  to  re'«o\ve  on  'Jfts  iA««niB%  ^^db&  *b 
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that  of  the  latter  is  keyed  to  the  driving  axle  and  revolves  on  a 
bearing  carried  by  the  driving  axle  housing. 

The  Rambler  detachable  wheel,  which  is  an  artillery  type,  is 
shown  at  Fig.  216.  To  remove  this  member  it  is  necessary  to  un- 
screw ^  nuts  which  serve  to  hold  the  wheel  against  the  flange 
on  the  inner  hub.  The  conventional  method  of  carrying  a  spare 
wheel  is  outlined  at  Fig.  217. 


Fig.  216.— The  Rambler  Detachable  Artillery  Wheel. 

Q.     Are  spring  wheels  practical? 

A.  Various  forms  of  wheels  having  resilient  or  spring  like  mem- 
bers joining  the  wheel  rim  and  hub  have  been  devised  with  the  ob- 
ject of  doing  away  with  the  pneumatic  or  inflated  tire.  None  of 
these  have  proven  practical  on  account  of  their  greater  weight 
than  either  wire  or  wooden  spoke  forms  and  also  because  they  do 
not  prove  resilient  enough  except  at  very  low  speeds  to  w.'^laR*.  "OMfc 
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vubber  tire.     In  most  of  these  constructitliiB  a  large  numb 
springs  or  similar  yie'.ding  members  are  employed,  and  as  tb 
a  multitude  of  joints  to  wear,  the  wheels  are  very  noisy  in  ai 
In  addition  to  the  features  enumerated  the  construction  of 
spring  wheels  is  costly  and  complicated  and  often  the  failv 
one  or  two  of  the  resilient  members  interposed  between  hul 
rim  will  ntean  a  loss  of  integrity  of  the  entire  assembly. 
Q.     What  are  the  functions  of  the  wheel  rim? 
A.     The  mun  fuuctiou  of  the  wheel  rim  in  automobile  i 
is  to  support  and  retwn  tlae  tite  "w^ya  ^laicK  the  wheel  is  pro 
and  which  is  in  contact  witVi  tVe  ToaA.'?i«3 . 
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Q.     How  is  the  rim  secured  to  the  wheel? 

A.  The  method  of  securing  the  rim  to  the  wheel  depends  entirely 
upon  the  type  of  wheel  employed.  In  artillery  wheels  the  rim  is 
attached  to  the  wooden  felloe  by  being  shrunk  on  just  as  a  carriage 
tire  is  on  a  carriage  wheel  and  it  is  kept  from  moving  by  means  of 
bolts  passing  through  rim  and  felloe.  In  a  wire  wheel  the  rim  is 
secured  to  the  hub  by  means  of  the  spokes  which  complete  the  wheel 
assembly.  In  some  disc  wheels  and  those  made  by  the  process  of 
pouring  molten  metal  in  a  mould  the  rim  is  an  integral  part  of  the 
wheel. 

Q.     What  factor  determines  rim  design? 

A.  The  design  of  wheel  rims  depends  entirely  upon  the  type  of 
tire  to  be  used  and  this  in  turn  is  dependent  upon  the  character  of 
work  the  vehicle  is  expected  to  perform. 


Fig.  218. — Section  of  Regular  Pattern  Clincher  Rim. 

Q.    What  is  the  clincher  rim? 

A.  The  clincher  rim  is  the  simplest  form  used  on  pleasure  auto* 
mobile  wheels  and  is  shown  at  Fig.  218.  It  consists  of  a  strip  of 
steel  rolled  to  the  section  shown  and  formed  into  a  continuous  ring 
which  encircles  the  wheel  felloe  or  to  which  the  spokes  of  a  wire 
wheel  are  attached  by  threaded  nipples,  as  previously  described. 
A  special  form  of  tire,  known  as  a  clincher,  having  two  beads  or 
flaps  that  fit  imder  the  inwardly  turned  flanges  of  the  rim  with 
considerable  pressure  when  the  tire  is  fully  inflated,  must  be  used 
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with  this  type  of  rim.    The  clincher  is  a  very  popiilar  rim  (m 
ears  and  motorcycles,  but  owing  to  the  trouble  that  obtains  iai 
moving  large  clincher  tires  it  is  being  replaced  with  the  Yi 
quick  detachable  forms  on  the  heavier  cars. 

Q.    What  is  a  quick  detachable  rim? 

A.    In  a  clincher  rim  it  is  necessary  to  pry  the  casing  of  the 
over  the  flanges  in  order  to  remove  it  from  the  rim.    Two  formsi 
quick  detachable  rims  which  have  received  general  application 


Type  No.  2,  Uniyenal  Qoick  Detachable  Rims 


Straight  Side  or  Diddop  Type 
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Clincher  Type 


End  of  Locking  Rings 


Fig.  219.— Typical  Quick  Detachable  Rim  Suited  for  Either  Dimkp 

Straight  Side  or  Regular  Clincher  Casing. 

shown  at  Fig.  219.  A  member  of  this  pattern  consists  of  a  man 
rim  that  encircles  the  wheel  felloe  and  two  removable  tire  retaioioj 
rings  and  a  locking  member.  The  universal  quick  detachable  ril 
illustrated  is  capable  of  holding  either  a  straight  side  tire  or  oo 
provided  with  clincher  beads.  In  this  type,  when  a  tire  is  deflated 
Jt  is  merely  necessary  to  remove  tVieXociVaa^TOi^itOTrL  the  rim  in 
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Fig.  219A.— Methods  of  Attaching  Outer  Casings.     A — Clincher  Sys- 
tem.    B — Dunlop  Design. 

then  the  outside  retaining  ring  can  be  slipped  off  of  the  wheel  rim 
and  the  tire  casing  pulled  off  in  just  the  same  manner  as  a  loose 
.  belt  off  a  pulley.  As  there  is  no  necessity  for  prying  the  tire  off  o( 
the  rim  the  larger  sizes  are  much  more  easily  handled  than  are 
large  clincher  tires. 

Q.     What  are  demountable  nms? 

A.  A  demountable  rim  is  any  form  which  may  be  easily  removed 
from  the  wheel  if  desired  by  merely  removing  the  ret^ning  nuts. 
This  method  of  construction  makes  it  possible  to  carry  spare  rims 
with  fully  inflated  tires  in  place  so  that  minimum  time  is  required 
to  replace  a  defective  tire.  A  typical  demountable  rim  partially 
removed  from  the  wheel  is  shown  at  Fig.  220. 

Q.     What  are  "boltcd-on"  rims? 

A.  "Bolted-on"  rims  are  the  forms  in  which  the  tire  is  held  in 
place  on  the  wheel  between  two  flanges  which  are  retained  by 
bolts  passing  through  the  flanges  and  the  wheel  felloe.  This  form 
of  rim  is  largely  used  for  solid  tires. 

Q.     Describe  construction  of  typical  demountable  rims. 

A.  A  typical  demountable  rim  is  outlined  at  Fig.  221,  As  will 
be  seen  it  consists  of  a  form  of  quick  detachable  rim  adapted  to  be 
locked  in  place  on  the  rim  carried  by  the  wheel  felloe  by  means  of 
a  double  locking  wedge  forced  under  the  tire  carrying  rim  by  a 
series  of  locking  bolts.    The  usual  number  of  locking  bolts  is  six. 


on  a  twelve  spoked  wheel,  though  on  some  forms  of  cars  capaUei 
of  high  speeds,  it  is  thought  desirable  to  provide  one  bolt  between 
each  pair  of  spokes  instead  of  between  alternate  pairs. 


What  are  solid  tires  and  what  class  of  vehicles  are  they 


used  on? 

A.  Various  forms  of  solid  rubber  tires  are  shown  at  Fig.  222. 
These  consist  of  a  special  rubber  and  fabric  compofiition  moulded 
together  under  high  pressure  and  vulcanized  until  a  solid  riiiK  o' 
resilient  material  is  obtained.  Solid  tires  are  generally  used  on  het^y 
motor  vehicles  intended  ior  commeitVfii.  ■^Miv'MRa.    >>&  %.  ^<alfc  (ItM 
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oonveyancee  travel  at  low  speeds  and  the  solid  rubber  tire  provides 
sufficient  resiliency  to  eliminate  a  large  part  of  the  road  shock  and 
protect  the  mechanism. 

Q.     Have  steel  tires  ever  been  used  on  motor  vehicles? 

A.  Steel  tires  have  been  tried  on  heavy  motor  vehicles  but  are 
not  suitable  on  account  of  their  lack  of  resiliency  and  poor  traction. 
They  are  only  applied  in  cases  where  extremely  heavy  loads  that 
would  be  greater  than  the  capacity  of  rubber  tires  are  carried  and 
on  extremely  slow  speed  conveyances  intended  for  use  on  soft  roads 
or  in  fields,  as  on  gas  tractors,  where  studs  or  cleats  may  be  placed 
on  the  rims  to  increase  traction. 
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Fig.  221. — Sectional  View  of  Demountable  Quick  Detachable  Kim. 

Q.     What  are  the  advantages  of  dual  tires? 

A.  On  heavy  motor  vehicles  where  the  types  of  solid  tires  out- 
lined at  Fig.  222  would  not  have  sufficient  capacity  it  is  customary  to 
mount  two  of  these  tires  on  a  common  rim,  aa  outlined  at  Fig.  223. 
This  provides  more  capacity  than  a  narrower  tire  used  singly  and  at 
the  same  time  has  important  advantages  over  usmg  a  single  wide 
tire  adapted  to  fit  the  wheel  rim.  The  wide  tires  are  hard  to  make 
and  unwieldy  to  handle.  The  use  of  two  tires  side  by  side  not 
only  provides  greater  resiliency  and  superior  traction  but  also  tends 
to  red'ice  side  slip  or  skidding.    In  event  of  damage  to  one  section 
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or  side  of  the  tire  it  is  □ecessary  to  replace  only  the  tire  affected  al 
in  au  emergency  should  one  tire  be  severely  out  it  will  be  poeaUa 
to  run  on  its  mate  until  the  garage  is  reached. 

Q.    What  are  the  features  of  sectional  or  block  tires? 

A.  When  a  continuous  solid  tire  is  used,  the  weight  of  the  ^ 
hide  tends  to  flatten  it  out  as  indicated  at  Fig.  224  and  this  is  caJki 
a  "traction  wave"  which  assists  to  produce  disintegration  o(  th 


Fig.  222. — Sectional  Views  of  Solid  Rubber  Tires  Showing  Hetbodi  o: 
Attaching  to  Wheel  Rim. 

tire  as  it  is  continually  stressed  at  the  point  of  contact  between  t 
wheel  and  the  ground.  In  the  upper  view  A  indicates  the  tracti 
wave,  while  B  shows  the  point  at  the  base  of  the  tire  where  t 
tread  and  body  portion  tend  to  separate.  By  the  use  of  aectioi 
or  notched  tires,  the  destructive  traction  wave  is  eliminated  becai 
when  the  blocks  flatten  the  wave  passes  off  into  the  space  betwe 
two  blocks  as  indicated  at  .4  in  the  lower  view.  In  the  cfmatruoti 
shown  the  base,  however,  is  contiuaoxia  \>o  \&sva&  «!ci(kkv^»a  of 
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bration  in  every  direction  and  prevent  concentration  of  the  load 
on  one  portion  of  the  tire  as  would  be  the  case  if  separate  blocks 
were  used.  The  separate  block  construction,  however,  has  an  im- 
portant advantage  in  that  it  permits  of  replacing  one  or  more  de- 
fective blocks  without  necessitating  the  renewal  of  those  which 
have  not  been  so  severely  punished.  It  is  claimed  that  very  often  a 
one-piece  tire  will  be  so  badly  cut  or  bruised  at  one  point  that  it 
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will  have  to  be  removed  for  repairs  even  though  the  rest  of  the 
tread  is  not  affected.  In  a  sectional  or  block  tire  only  the  injured 
portion  would  have  to  be  replaced,  which  means  more  economical 
maintenance  because  of  easier  installation. 


Q.  What  other  materials  besides  steel  and  rubber  have  been 
used  for  motor  vehicle  tires? 

A.  Experimental  tires  have  been  made  composed  of  wood  with 
the  fibers  or  grain  running  parallel  to  the  spokes  and  have  given 
satisfactory  service  in  certtun  applications.  Various  textile  fabrics 
have  also  been  tightly  compressed  together  to  form  a  practically 
soUd  mass  and  have  been  tested  and  found  satisfactory.  It  is  claimed 
that  wood  or  textile  fabrics  offer  a  greater  degree  of  resiliency  than 
a  steel  tire  and  have  a  traction  effort  or  friction  grip  on  the  ground 
equal  to  a  rubber  tire  operating  under  favorable  conditions.  It 
is  claimed,  also,  that  these  provide  superior  traction  to  rubber  in 
muddy  roads  or  on  wet  asphalt. 

Q.  What  is  a  cushion  tire  and  on  what  vehicles  are  they  com- 
monly  used? 
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A.  Cushion  tires  are  a  composite  form  intended  to  provide  mifi|l 
resiliency  than  solid  tires  and  at  the  same  time  eliminate  the  tionUa 
incidental  to  the  use  of  inflated  members.  Two  methods  of  obtvi^-l 
ing  a  cushion  effect  are  outlined  at  Fig.  225.  The  tire  shownitil 
is  a  twin  tread  form  composed  of  very  resilient  rubber  compooai,  I 
provided  with  a  series  of  notches  cut  around  the  tread  as  ii 
at  A  and  attached  to  the  rim  by  means  of  bridges  of  compcmidi 
separated  by  air  spaces  B.  When  a  tire  of  this  construction  p 
over  an  obstruction  B,  it  can  deform  considerably  on  account  oi  I 
derimgement  of  tread  and  supporting  members  and  the  wheel  d< 
not  ride  over  the  obstacle,  as  would  be  the  case  if  the  tire  did  ni*  ] 


Ffr.  2X. — lypfcBl  Cuahion  Tirea  Sliowinii  How  a  Certain  DepM  ef 
RMtliency  Mar  Be  Obuii\«&  Nncnou.  Mx. 
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give  to  any  extent.  In  the  tire  shown  at  B,  the  resiliency  is  obtained 
by  breaking  up  the  mass  of  rubber  by  a  large  number  of  holes  which 
permit  of  greater  flexibility.  Cushion  tires  are  generally  used  on 
light  delivery  wagons  or  electric  automobiles.  They  are  suitable 
only  for  slow  or  moderate  speed  vehicles,  as  they  are  not  sufficiently 
resilient  to  cushion  the  mechansim  from  the  shocks  incidental  to 
high  speeds. 

Q.     What  is  an  "airless"  tire? 

A.  The  term  **  airless"  tire  is  synonymous  with  cushion  tire  and 
includes  all  forms  in  which  resiliency  is  obtained  by  peculiar  tread 
formation  or  air  substitute  filling  instead  of  by  compressed  air. 
Various  forms  of  airless  tires  are  shown  at  Fig.  226.  That  at  A 
is  the  simple  cushion  form  of  the  twin  tread  type  moulded  of  res- 
ilient rubber  compound.  The  form  at  B  is  known  as  the  Dayton 
'^airless"  tire  and  resembles  the  conventional  form  of  clincher  cas- 
ing, the  exception  being  that  the  load  is  supported  by  means  of 
arches  of  very  resilient  rubber  separated  by  air  spaces  which  per- 
mit of  distortion  of  the  load  carrying  blocks.  It  is  claimed  that 
this  construction  offers  important  advantages  inasmuch  as  the 
tread  portion  can  be  made  of  a  tough,  wear  resisting  compound 
whereas  the  more  resilient  load  carrying  blocks  which  are  not  sub- 
jected to  ground  friction  can  be  made  of  softer  and  more  easily 
deformed  rubber  composition.  In  both  the  forms  shown  at  C  and 
Z>,  the  pecul  ar  tread  formation  is  depended  on  for  resiliency. 

Q.     Why  are  pneumatic  tires  necessary  on  most  automobiles? 

A.  Pneumatic  or  air  filled  tires  are  used  on  most  automobiles 
because  it  has  been  demonstrated  that  the  air  cushion  is  the  best 
shock  absorbing  medium  known  and  the  only  one  that  is  capable 
of  taking  the  vibrations  following  in  rapid  sequence  when  a  car  is 
driven  at  speeds  over  fifteen  miles  per  hour.  Not  only  is  it  the 
easiest  riding  form  but  it  insures  longer  life  to  the  mechanism  and 
also  increased  traction  effect  on  practically  all  classes  of  road 
surfaces. 

Q.     What  is  the  usual  construction  of  a  pneumatic  tire  ? 
A.     Two  forms  of  pneumatic  tires  are  outlined  at  Figs.  227  and 
228.    The  types  that  are  generally  used  on  automobiles  aie  <i.<3«^<^'5d^ 
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vtf  two  main  portions,  an  outer  casing,  sometimes  called 
Virhich  is  subjected  to  the  road  wear,  adapted  for  fasten 
rim  either  by  means  of  beads  that  fit  in  rim  channels  as 
Fig.  227  or  that  is  clamped  to  a  rim  between  retainin 
shown  at  Fig.  228.  The  shock  absorbing  portion  of  the 
inner  tube  of  almost  pure  rubber  inflated  with  air  but 
from  contact  with  the  road  by  the  more  resistant  outei 
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Fig.  227.— Construction  of  Clincher  Tire  of  Double  Tul 

Q.     What  is  the  outer  casing  composed  of? 

A.     The  outer  casing  of  most  automobile  tires  is  c< 

a  fabric  body,  which  is  made  of  layers  of  canvas  impreg 

rubber  and  covered  by  a  padding  of  very  resilient  rubl 

sition.    On  top  of  this  padding  a  nMioJaet  oi  i«!ana  ^^snc^ 
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ig  called  "breaker"  strips,  and  these  in  turn  are  covered 
Br  layer  of  tough  rubber  compound  called  the  "tread." 
c  layers  comprising  the  main  carcass  are  brought  around 
)ber  filler  member  at  the  base  of  the  tire  to  form  the  beads 


228. — Showing  Construction  of  Fisk  Bolted-On  Tire. 


he  clincher  rim.  While  the  outer  casing  is  built  up  of 
oufl  layers  of  rubber  compound  and  cotton  fabric  it  is 
to  a  process  of  vulcanization  or  heat  treatment  which 
irmly  welding  or  cementing  the  various  cloth  and  rubber 
'  aane  wait  sttucture. 
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Q,  What  are  the  functions  of  the  tread,  breaker  strips,  car- 
cass, and  bead  of  casing? 

A.  The  tread  is  made  of  the  compound  of  rubber  and  varioua 
mineral  elements  designed  to  increase  its  toughness  and  resietance 
to  depreciation  resulting  from  abrasion  of  the  road  surfaces.  The 
breaker  strips  interposed  between  the  tread  and  the  padding  or 
cushion  are  depended  on  to  prevent  sharp  objects  from  penetrating 
through  the  main  fabric  carcass.  The  breaker  strips  usually  turn 
aside  many  of  the  puncturing  objects  that  penetrate  the  outer  tread. 
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Fig.  229.— Construction  of  Palmer  Cord  Tire  Outlined. 

The  padding  beneath  the  breaker  strips  is  a  cushion  of  very  resi- 
lient rubber  compound  while  the  carcass  really  forms  the  main 
body  and  inner  tube  retiuning  portion  of  the  tire.  The  bead  on  the 
bottom  of  the  casing,  which  is  composed  of  a  hard  rubber  filler 
piece  around  which  a  number  of  plies  of  fabric  are  wrapped,  is  de- 
pended on  to  hold  the  tire  in  place  in  wheel  rim, 

Q.     Are  outer  casings  always  composed  of  fabric? 

A.  Outer  casings  are  not  always  built  up  exclusively  of  fabric 
ajtd  rubber  materials,  sometimes  the  mam  body  of  the  tire  is  formed 
by  winding  cords  around  the  layer  of  fabric  that  serves  as  a  baas 
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upon  which  the  entire  tire  is  built.  A  partial  section  view  of  a  tire 
of  this  nature  is  shown  at  Fig.  229  and  it  will  be  evident  that  the 
layers  of  cord  are  separated  from  each  other  by  plies  of  friction 
fabric.  The  tread  and  padding  as  well  as  breaker  strips  are  put 
on  the  cord  carcass  in  just  the  same  manner  as  they  are  applied  to 
a  fabric  structure.  Tires  of  this  construction  are  much  more  resi- 
lient and  are  capable  of  giving  considerably  more  mileage  than  the 
Btiffer  form  comprised  entirely  of  fabric.  For  this  reason  they  are 
sometimes  used  on  electric  automobiles,  but  as  they  are  difficult 
to  repair  and  are  more  apt  to  become  punctured  than  the  stronger 
and  less  resilient  members  they  have  received  but  limited  appli- 
cation. 

Q.     How  do  outer  casings  of  various  makes  differ  in  con- 
struction? 

A.  The  general  design  of  practically  all  outer  casings  is  the  same 
though  there  are  minor  differences  of  structural  detail.  For  example, 
some  makers  will  use  finer  fabric  and  more  layers  than  others, 
and  each  manufacturer  has  his  own  specific  formulae  for  compound- 
ing rubber  to  the  best  advantage.  Some  tires  are  made  with  a 
straight  side  at  the  lower  end  instead  of  the  clincher  bead,  whereas 
others  are  adapted  to  be  secured  to  the  rim  by  means  of  bolts. 
There  are  also  differences  in  the  thickness  of  the  tread  and  of  the 
padding  and  breaker  strips.  Some  makers  build  their  tires  by  what 
is  known  as  the  moulded  process  while  others  favor  the  wrapped 
tread  construction.  In  the  first  mentioned  method,  after  the  vari- 
ous layers  of  material  of  which  the  tire  is  composed  are  assembled 
together  on  the  core,  the  assembled  tire  is  clamped  tightly  in  a 
mould  and  vulcanized.  In  the  wrapped  tread  construction,  instead 
of  curing  the  rubber  in  a  mould  the  finished  tire  assembly  is  wound 
tightly  with  narrow  strips  of  webbing  to  hold  the  parts  together 
while  the  curing  process  takes  place.  The  various  members  of 
which  the  tires  are  composed  are  vulcanized  by  being  heated  with 
steam,  and  sulphur  is  included  in  the  rubber  compounds  in  proper 
quantities  to  permit  them  to  become  firmly  welded  to  the  friction 
fabric  layers  between  which  they  are   placed. 
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Q.  What  is  the  advantage  of  a  smooth  tread  tire  and  under 
what  conditions  is  it  inadequate? 

A.  Smooth  tread  tires  are  simpler  to  make  and  cheaper  to  buy 
than  the  various  anti-skid  tread  types  and  are  the  most  suitable 
for  general  use  on  dry,  har5  roads.  They  have  superior  adhesion 
and  the  tread  will  wear  much  more  uniformly  than  do  "rough 
tread"  tires.  One  disadvantage  of  the  smooth  tread  casing  is  that 
it  will  not  provide  sufficient  traction  on  slippery  roads  and  a  car  is 
apt  to  skid  more  under  these  conditions  than  if  it  is  provided  with 
rougher  or  irregular  tread  tires  which  have  a  better  grip  on  soft 
roads. 

Q.     What  are  features  of  various  "rough  tread"  tires? 

A.  The  most  important  feature  gained  by  the  use  of  rough 
treads  is  the  elimination  of  a  large  degree  of  skidding  and  more 
positive  traction  under  certain  conditions  of  operation.  The  lead- 
ing types  of  anti-skid  tires  are  outlined  at  Fig.  230  and  it  will  be 
apparent  that  there  are  many  ways  of  obtaining  the  desired  end. 
For  the  most  part,  various  irregularly  shaped  projections  or  studs 
of  rubber  compound  are  moulded  on  the  tread,  these  varying  from 
simple  round  buttons  or  elongated  bars  to  more  complex  forms  com- 
posed of  stars  or  imitating  basket- weave  or  chains  and  one  maker  even 
goes  so  far  as  to  mould  a  series  of  letters  on  the  tread  which  imprints 
the  words  "Non-Skid"  in  mud  or  other  such  yielding  road  material. 
The  most  practical  forms  are  those  in  which  the  projections  are 
of  sufficient  size  to  prevent  rapid  wear. 

Q.    What  is  the  inner  tube,  and  of  what  material  is  it  made? 

A.  The  inner  tube  or  air  bag  of  the  tire  is  composed  almost 
entirely  of  pure  Para  rubber  having  only  enough  sulphur  in  the 
composition  to  insure  the  proper  degree  of  curing.  The  inner  tube 
is  very  elastic  and  is  air  tight  and  can  be  inflated  to  several  times  its 
normal  diameter  without  danger  of  rupture.  It  is  not  suitable  to 
resist  wear  as  the  resilient  rubber  of  which  it  is  composed  would 
soon  be  destroyed  if  it  came  in  contact  with  the  road  surface  so  it 
is  protected  by  the  more  strongly  constructed  casing  or  shoe. 

Q.  W^hat  prevents  chafing  between  inner  and  outer  tire 
members  ? 
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A.  As  the  inner  tube  is  fully  inflated,  it  entirely  fills  the  space 
inside  of  the  outer  casing  and  there  can  be  but  little  relative  move- 
ment. In  order  to  prevent  chafing  it  is  customary  to  use  talcum 
powder  as  a  lubricant  to  prevent  friction  between  inner  and  outer 
members. 

Q.    What  are  tire  lugs  and  where  are  they  used? 

A.  When  cUncher  tires  are  applied  to  heavy  cars  capable  of 
high  speeds  it  is  customary  to  supplement  the  natural  wedging  action 
of  the  fully  inflated  inner  tube  forcing  the  tire  beads  in  the  rim 
channels  by  means  of  security  bolts.  These  have  an  approximately 
Y-shape  and  are  depended  on  to  force  the  bead  firmly  into  the  rim 
channel  at  four  or  six  points  on  the  wheel  periphery.  The  shank 
portion  of  the  security  member  is  a  threaded  bolt  passing  through 
the  wheel  rim  and  felloe  and  screwed  in  place  by  a  wing  nut.  The 
head  portion  of  the  security  member  is  V  shape,  composed  of  rubber 
or  fabric  built  around  a  central  metal  core  of  suflScient  size  to  bridge 
the  gap  between  the  two  beads  and  hold  them  firmly  into  the 
channel.  At  the  present  time  quick  detachable  tires  are  given 
preference  and  tire  lugs  are  seldom  used  because  the  lighter  cars 
using  clincher  tires  do  not  need  them. 

Q.     What  is  the  life  of  outer  casings? 

A.  The  amount  of  service  received  from  an  outer  casing,  assum- 
ing that  it  is  made  of  proper  material  and  cured  in  a  careful  manner, 
depends  upon  many  conditions,  some  of  which  are  under  the 
direct  control  of  the  operator,  while  others  are  unavoidable.  The 
factors  of  car  weight  and  speed  are  important  and  casings  invari- 
ably last  longer  on  light,  moderate  speed  cars  than  they  do  on  heavy 
high  speed  vehicles.  On  heavy  touring  cars  a  casing  that  receives 
average  attention  is  considered  to  have  rendered  satisfactory  ser- 
vice if  the  tread  will  not  wear  down  to  the  fabric  until  2,000  to  3,000 
miles  have  been  covered.  On  lighter  cars  casings  have  been  known 
to  run  from  5,000  to  6,000  miles  without  becoming  weakened  suflS- 
ciently  to  require  removal. 

Q.    What  precaution  must  be  taken  to  secure  proper  mileage? 
A.     Tire  makers  all  recommend  that  the  tires  be  examined  care- 
fully from  time  to  time  in  order  to  observe  a  few  simple  rules.    The 
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casings  should  be  looked  over  to  see  if  there  are  any  serious  cuts  or 
bruises  penetrating  to  the  fabric  and  allowing  water  to  find  its  way 
into  the  textile  material  and  cause  it  to  rot.  The  tires  should  also 
be  properly  inflated  as  it  is  claimed  that  fully  75%  of  all  tire  troubles 
outside  of  those  due  to  natural  depreciation  are  caused  by  insuffi-* 
cient  inflation  and  overloading  of  tires. 

Q.    What  are  the  best  tire  sizes  for  various  vehicle  weights? 

A.  Each  size  of  tire  is  designed  to  carry  a  specified  weight 
and  as  many  times  cars  are  equipped  with  tires  which  are  barely 
up  to  the  requirements,  the  following  table  recommended  by  the 
U.  S.  Tire  Company  will  act  as  a  guide  to  enable  the  motorist  to 
see  if  the  proper  size  of  tire  has  been  provided  by  the  car  manu- 
facturer. The  cars  are  to  be  weighed  without  passengers  or  luggage 
and  each  end  of  the  car  is  to  be  weighed  independently  of  the  other. 
This  is  done  by  selecting  a  point  on  the  frame  midway  between  the 
two  axles,  and  marking  it  in  some  way  so  that  it  can  be  easily  dis- 
tinguished. The  front  end  of  the  car  is  then  run  on  the  usual  form 
of  heavy  platform  coal  or  hay  scale,  until  the  mark  indicating  the 
central  position  is  just  over  the  edge  of  the  scale.  This  weight  gives 
the  approximate  amount  to  be  carried  by  the  two  front  wheels. 
The  car  is  then  reversed  and  run  over  the  scales  until  the  rear  parts 
rest  on  the  platform.  This  weight  as  indicated  on  the  scale  beam 
shows  the  amount  of  load  carried  by  the  two  rear  wheels.  The  en- 
tire car  is  then  placed  on  the  platform  and  the  total  weight  taken 
to  see  how  it  checks  up  with  the  sum  of  the  two  previous  readings^ 
which  thus  provides  an  approximately  accurate  check  on  the  cor- 
rectness of  the  first  trial. 

Tire  Sizes  and  Suitable  Loads, 

Rear  Weight  BVont  Weight 

per  Wheel.  per  Wheel. 

28  X  23^ 225  lbs.  275  lbs. 

28x3  350  "  425  " 

30x3  375  "  450  " 

32x3 375  "  450  " 

28x31^ 425  "  600  " 

30x3J^ 450  "  650  " 
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Rear  Weight 
per  Wheel. 

SlxSH 475  lbs. 

32x3^  600 

33x31^ 525 

34x3>^ 550 

36x3H 600 

30  X  4  625 

31 X  4  635 

32  X  4  650 

33  X  4  675 

34  X  4  700 

35  X  4  735 

36  X  4  . .". 750 

40x4 850 

42  X  4  900 

32x41^ 750 

34x41^ 900 

35x4}4 935 

36x4}4 975 

37  X  4}4 1010 

38  X  43^ 1050 

42  X  41^ 1200 

34  X  5  950 

35  X  5  1000 

36x5  1050 

37  X  5  1100 

39  X  5  1200 

43  X  5  1400 

37x53^ 1150 
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1450 
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38x51^ 1200 

Q.    Is   there   any   relation   between   tire   size   and   inflal 
pressure? 

A.     There  is  a  very  definite  relation  between  the  amount  oi 

pressure  for  the  various  sizes  of  tires.    As  a  rule,  the  larger  1 

which  are  ieavier  in  constructioiv  and  are  depended  on  to  oartj 

greater  weight  must  be  blown  up  to  a  ^e»X.^T  di^^^\!&aa3i^3bih«aii 
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^  lighter  tires.  The  following  table  shows  the  proper  air  pressiires: 
'  Various  sizes  of  tires.  A  simple  way  to  remember  these  pres- 
■es  is  to  bear  in  mind  that  there  should  be  twenty  pounds  air  pres- 
^  for  each  inch  of  tire  diameter. 

Tire  Inflation  Table. 
2J^  inch  tires 50  lbs. 

3  "       "    60  lbs. 

3K    "       "    70  lbs. 

4  "       "    80  lbs. 

41^  "  "  90  lbs. 

6  "  "  100  lbs. 

53^  "  "  110  lbs. 

6  "  "  120  lbs. 

'.    What  happens  if  tires  are  not  sufficiently  inflated? 

.  If  tires  are  not  filled  with  the  proper  amoimt  of  air  they 
be  distorted  unduly  under  load  and  the  fabric  and  rubber  pUes 
hich  the  casing  is  composed  will  be  subjected  to  serious  bend- 
^hich  may  cause  the  various  layers  to  separate  from  each  other, 
weakening  the  casing. 

What  is  the  result  if  tires  are  too  highly  inflated? 

If  tires  are  pumped  up  too  much  the  construction  is  subjected 
iress  that  it  was  not  designed  to  withstand  and  the  inner  tube 
"blow  out"  through  any  weak  point  in  the  casing.  Hard  tires 
subject  the  mechanism  to  considerable  vibration  because  they 
lot  sufficiently  resilient. 

.    Which  tire  should  be  larger,  the  front  or  rear? 

As  a  rule,  the  greater  strain  is  taken  by  the  rear  tires  because 
\  members  carry  the  larger  portion  of  the  car  weight  and  in 
bion  are  depended  upon  to  furnish  traction  and  propel  the 
de.  The  front  tires  on  most  cars  can  be  made  smaller  than  the 
oneB  if  desired,  because  they  are  called  upon  to  support  less 
ht  and  are  not  subjected  to  the  wear  resulting  from  skidding, 
ng  BUxmoa  and  br&king  reaction. 
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Q.    Why  axe  tires  usually  made  the  same  size  on  autonu 

A,  It  is  common  practice  to  make  the  front  and  rear 
the  same  size  on  most  American  cars  because  there  it 
little  difference  possible  between  front  and  rear  shoes  wi 
average  weight  distribution.  If  two  different  sizes  of  ti 
used,  one  must  carry  two  spare  casings  and  two  different  s: 
inner  tubes  to  make  satisfactory  repairs.  Then  again,  ther 
way  of  equalizing  the  wear  on  the  tiree.  If  the  casings  are  th 
size,  the  front  tires  may  be  used  to  replace  the  weaker  rea 
and  these  members  in  turn  transferred  to  the  front  wheels 
car  has  been  in  operation  for  a  time.  Rear  tires  invariabl 
faster  than  front  ones,  so  that  after  they  have  worn  to  « 
where  they  are  considered  weak  for  the  rear  wheels  they  ma 
ample  strength  for  the  lighter  duties  at  the  front  end  of  1 
and  the  front  tires,  which  are  in  better  condition,  may  be 
on  the  rear  wheels. 

Q.     How  is  air  introduced  in  inner  tubes? 

A.  Air  is  usually  pumped  into  the  inner  tubes  by  hand  oi 
operated  air  pumps  of  a  portable  pattern  that  is  carried  as 
the  equipment  of  the  car.  A  simple  form  of  check  valve 
at  the  tube  that  permits  one  to  pump  air  into  the  tire  bul 
seats  automatically  by  pressure  from  within  the  tube  to  ] 
air  from  escaping. 

Q.     Are  there  any  substitutes  for  air? 

A.  Various  compounds  have  been  devised  that  are  intei 
be  introduced  into  inner  tubes  or  outer  casings  to  take  th 
of  air  but  none  of  these  are  practical  because  they  are  not  suff 
resilient  and  many  of  them  are  compounds  that  are  actually 
ious  to  the  rubber  of  which  the  tire  is  composed.  Some  of  tl 
affected  by  heat  while  others  will  iBatten  out  at  the  point  of 
between  the  tire  and  the  ground  if  the  car  is  left  standing 
length  of  time. 

Q.    What  are  puncture  proof  pneumatic  tires  and  b 
they  made? 

A.     Various  attempts  have  been  m^e  \>c^  ^^N>aAi  \^UQotiu 
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tires  by  using  leather  or  leather  and  metal  treads  applied 
of  the  conventional  pattern  or  to  imbed  a  series  of  metal 
ipping  each  other  like  scales  on  a  fish  in  the  tread  of 
e  this  is  cured.  Most  of  these  tires  have  a  grave  defect 
Qg  considerable  heat  while  in  use  and  owing  to  the 
the  composite  metal  and  leather  or  metal  and  rubber 
.  resiliency  is  sacrificed. 


bat  is  a  disc  wheel  and  what  are  its  advantages  ? 
i  form  of  wheel  is  being  adopted  to  some  extent  for  both 
.utomobiles  and  motor  trucks.  As  shown  above,  at«el 
d  to  join  the  wheel  rim  and  hub  in  some  forms.  In  others, 
ed  disc  of  tapering  cross-section  is  used,  this  being  thicker 
than  at  the  rim.  The  discs  are  usually  pressed  steel  on 
are,  though  modified  disc  wheels  have  been  made  tor 
gbed  castingB.  A  disc  wheel  is  muc^  sun'^W  m  ckjq.- 
n  s  fipoked  wheel  and  easier  to  keep  cVeai^. 


LESSON  TWENTY-FIVE 

AUTOMOBILE  BEARINGS  AND  THEIR  CARE 

Q.    What  are  the  functions  of  a  bearing? 

A.  Bearings  are  used  to  support  the  various  revolving  i 
that  are  called  upon  to  transmit  power  from  one  part  of  the  i 
car  to  tjie  other  and  are  needed  to  support  rotating  parts 
machines. 

Q.     Name  principal  types  of  bearings. 

A.  Bearings  may  be  divided  into  two  general  classes,  plai 
anti-friction  types. 

Q.    Where  are  plain  bearings  used? 

A.  At  the  present  time  the  use  of  plain  bearings  is  confinec 
cipally  to  the  power  plant  and  various  unimportant  points  ( 
motor  car  chassis. 

Q.    Why  are  anti-friction  bearings  utilized? 

A.  Considerable  power  is  absorbed  at  the  bearing  points 
a  shaft  runs  in  a  plain  journal  or  bushing  because  consid 
friction  is  present  due  to  the  sliding  of  the  surfaces  over  each 
With  bearings  of  the  anti-friction  types  rolling  friction  is  i 
tuted  for  sliding  friction  and  much  less  power  is  absorbed. 

Q.  Where  are  anti-friction  bearings  used  in  preferei 
plain  journals? 

A.  Anti-friction  bearings  are  used  at  practically  all  pd 
the  mechanism  where  it  is  desirable  to  employ  bearings  th 
not  need  continual  attention  and  lubrication  and  that  will 
but  very  little  power  when  subjected  to  heavy  loads.  Anti-f 
bearings  will  carry  stresses  without  depreciating  that  woub 
produce  deterioration  of  tlie  nxoat  e^c\^TL\.  ^«ai  \o\at^^ 
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at  materials  are  used  in  making  plain  bushings? 

shafts  used  in  motor  car  construction  are  generally 
i  the  surrounding  boxes  or  bushings  of  parts  that  have 
ies  to  perform  are  generally  of  bronze,  Babbit  metal, 
iti-friction  metals  of  this  nature. 

at  precaution  is  essential  to  insure  continued  service 
bearings? 

bushings  or  boxes  of  a  plain  bearing  must  be  accurately 
B  shafts  they  are  to  bear  against,  yet  must  have  sufficient 
ovide  a  film  of  oil  between  the  working  surfaces.  Posi- 
of  supplying  lubricant  must  be  used  because  it  is  really 
3il  between  the  two  surfaces  that  acts  as  a  friction  reducer 
the  plain  bearing  practical. 

at  causes  overheating  of  plain  bearings? 

•heating  of  plain  bearings  is  generally  due  to  lack  of 
or  the  use  of  poor  lubricant.  If  the  bearings  have  just 
id  the  overheating  may  be  caused  by  a  binding  due  to 
e  contact  between  the  bushings  and  the  shaft  they  en- 
li  does  not  permit  the  introduction  of  an  oil  film  to  absorb 
nerated  by  friction. 

Y  are  soft  metal  bearings  more  suited  than  hard 
ihing  for  general  use? 

use  of  soft  metals,  such  as  Babbit  or  white  brass  is 
y  many  designers  because  these  not  only  have  superior 
iucing  qualities  in  themselves  but  have  a  low  enough 
at  so  that  if  lubrication  fails  and  friction  heat  is  developed 
ning  of  the  bearing  will  run  and  will  not  injure  the  shaft, 
metal  such  as  bronze  any  impurities  or  abrasive  matter 
ill  produce  rapid  cutting  of  the  surfaces  and  if  a  bearing 
will  not  only  score  the  bushings  but  will  cut  deep  grooves 
journals  which  are  usually  costly  to  repair.  New  white 
$8  may  be  easily  inserted  because  the  shaft  is  not  dam- 
metal  boxes  are  also  easier  to  fit  to  a  shaft  and  will 
aselves  better  to  irregularities  on  the  journal  surface 
\e  hard  material.    Hard  bronzes  or  YiatAfirkfedi  ^\,^^\sv5^- 
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ings  must  be  used  at  points  subjected  to  considerable  heat  or  wb 
much  stress  is  to  be  supported  by  a  bearing  having  relatively  sn 
size. 

Q.    Where  are  soft  metal  bearings  commonly  used? 

A.  In  most  automobile  power  plants  the  main  bearings  of 
crankshaft  and  the  lower  connecting  rod  bearings  are  genei 
of  soft  metal  while  the  upper  end  of  the  connecting  rod,  cams 
bearings,  and  various  small  bearings  supporting  timing  gi 
magneto  and  pump  drive  gears,  and  other  minor  shafts  of 
nature  utilize  bronze  or  hardened  steel  bushings.  A  soft  metal 
only  be  used  where  ample  bearing  surface  is  provided  becau 
is  easier  to  deform  it  under  load  than  hard  metals. 

Q.     How  are  soft  metal  bearings  inserted  in  boxes? 

A.  On  a  number  of  the  cheaper  engines  the  Babbit  met 
poured  into  the  shell  cast  integral  with  crankcase  to  receive  i1 
a  mandrel  of  steel  smaller  than  the  shaft  diameter  is  employi 
a  core  piece  around  which  the  melted  metal  is  poured.  Soft  i 
boxes  are  sometimes  die  cast  in  the  form  of  bushings  which  mi 
inserted  in  machined  housings  or  boxes  provided  to  receive  i 

Q.    What  are  "die-cast"  bearings? 

A.  "Die-cast"  bushings  are  components  formed  by  po 
molten  metal  in  a  mould  composed  of  two  pieces  of  steel  mac! 
very  accurately  so  that  the  surface  of  the  casting  is  smootl 
true  to  the  mould.  In  order  to  insure  positive  filling  of  then 
with  hot  metal  it  may  be  forced  in  under  pressure  which  in 
that  every  little  corner  will  be  reached.  Die-castings  are  well  8 
as  bearings  because  they  may  be  moulded  true  enough  to  m 
practically  no  finish  will  be  necessary. 

Q.     How  are  plain  bearings  fitted  to  shafts? 

A.  Plain  bearings  may  be  fitted  to  shafts  in  two  ways.  J 
bushing  is  a  solid  form  it  is  usually  smoothed  out  after  borii 
a  tool  known  as  a  reamer  which  enlarges  the  bore  so  it  is  ) 
thousandths  of  an  inch  larger  than  the  shaft  diameter.  Boa 
large  size  are  usually  of  the  divided  pattern  and  are  fitted 
^^8cr aping  in"  process. 
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:ribe  "scraping  in"  bearings. 

irocesB  of  scraping  bearings  is  a  simple  though  tedious  one 
s  some  degree  of  mechanical  skill.  The  shaft  to  be  fitted 
<  is  covered  with  a  light  film  or  coating  of  Prussian  blue 
ment  and  is  allowed  to  rest  in  the  box  and  then  revolved. 
3ots  m  the  bear  ng  will  scrape  the  blue  from  the  shaft 
)r  md  cates  the  po  nte  on  the  bushmg  that  contact  with 
When  the  shaft  is  first  mserted  m  the  box  it  may  bear 


Ol 
■f\3Cfre.t 


llA. — Engiae  Main  Bearing  of  Plain  Bushing  TyiK. 

or  two  points.  These  are  eliminated  by  sharp  hardened 
Doents  having  cutting  edges  that  scrape  away  the  high 
!  bearing  is  tested  after  every  scraping  operation  with 
E^aft  it  is  to  encircle  and  it  has  been  scraped  to  a  suitable 
se  when  the  shaft  bears  practically  in  the  entire  bushing, 
ition  is  reached  when  the  blue  color  \s  dSs\s%(\j!w;i  mk*.- 
tbe  Burfaee  of  the  bushing.    The  wtate  Gae\.e^&  wet  ewsat 
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to  scrape  than  the  bronzes  and  for  this  reason  ate  widely  used 
bearings  must  be  fitted  by  this  process. 

Q.     Name  principal  types  of  anti-friction  bearings. 

A.  Anti-friction  bearings  are  those  in  which  rolling  fnc 
substituted  for  sliding  friction  and  are  shown  clearly  at  Ki 
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Fig.  231. — Representative  Types  of  Anti-Friction  Bearini 
All  anti-friction  bearings  may  be  divided  into  two  general 
those  employing  balls,  as  shown  at  A  and  B,  and  the  othe 
which  use  rollers  to  support  the  load  as  shown  at  C  and  X>. 

Q.     Name  principal  forms  tA  roUet  bearings. 
A.     The  principal  types  oi  toWer  \»ttnw^  VJ&sX  'W?% 
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tral  application  are  clearly  outlined  at  Fig.  232.  The  forms 
m  at  A  and  B  utilize  straight  rollers,  those  in  bearing  A  are 
[  stock  while  those  in  bearing  B  are  iBexible  hollow  members, 
type  at  C  uses  solid  rollers  that  have  an  upturned  flange  fitting 
ible  recesses  in  the  inner  and  outer  races  designed  to  hold  the 
s  in  engagement  if  the  bearing  is  subjected  to  an  end  thrust. 
type  at  D  is  a  very  popular  form  employing  tapered  rolls  and 
ipable  of  working  efficiently  under  an  end  thrust  that  could 
be  adequately  resisted  by  bearings  using  straight  rolls. 

.     Name  principal  types  of  ball  bearings. 

The  principal  types  of  ball  bearings  are  shown  at  Fig.  23S. 
b  at  A  is  a  cup  and  cone  form  patterned  somewhat  after  bear- 
that  have  received  wide  applications  in  bicycles  and  numerous 
r  light  machines.  This  bearing  has  an  angular  contact  and  is  a 
bined  radial  and  thrust  bearing.  That  shown  at  B  is  a  single 
annular  form  having  a  vertical  load  line  and  is  used  princi- 
r  for  radial  loads.  That  shown  at  C  is  a  thrust  bearing,  while 
outlined  at  D  is  double  row  form  capable  of  taking  loads  from 
direction.  The  bearing  at  A  is  more  suited  for  angular  loads 
any  other  while  those  at  B  and  C  are  suited  for  radial  and 
st  loads  respectively.  The  bearing  at  D  will  take  either  radial 
irust  stresses. 

What  loads  are  bearings  subjected  to? 

Bearings  of  all  types  are  subject  to  three  main  loads  as  clearly 
ned  at  Fig.  234.  These  in  order  of  their  importance  are  radial 
,  angular  load,  and  end  thrust. 

Define  radial  load. 

A  radial  load  is  one  that  is  exerted  in  a  straight,  vertical 
at  right  angles  to  the  horizontal  center  line  of  the  shaft. 

What  is  an  angular  load? 

An  angular  load  is  one  composed  of  radial  and  end  thrust 
ponents  and  is  applied  at  an  angle  instead  of  radially  or  paral- 
)  the  shaft  axle. 

Define  a  thrust  load. 

Any  force  applied  in  a  direction  parallel  to  the  shaft  axis  la 
ed  ''ead  tbruat." 
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Q.  How  is  thrust 
when  plain  radial 
are  used? 

A.  If  plain  radial  bearing 
of  the  annular  ball  or  straight 
roller  type  are  ueed  at  a  point 
subjected  to  end  thrust  as  w^ 
it  is  necessary  to  supplement 
these  bearings  with  a  M 
thrust  member,  as  shown  at 
Fig.  233-C  designed  especially 
for  this  purpose. 

Q.  What  type  of  roDo 
bearings  can  resist  thrust  and 
radial  load  ? 

A.  A  roller  bearing  of  tba 
tapered  roll  form,  as  outlined 
at  Fig.  232-D,  is  capable  fA 
resisting  end  thrust  as  well  as 
radial  loads  but  the  thrust 
must  be  applied  in  a  direction 
that  will  tend  to  force  the 
bearing  parts  more  closely 
together  as  shown  at  Fig. 
235-B.  With  a  bearing  of  the 
straight  roller  form  as  at  Fig.  235-A  any  load  applied  in  a 
direction  parallel  to  the  roll  or  race  surface,  as  indicated  by 
the  arrows,  will  tend  to  force  the  bearings  apart  unless  resisted 
by  some  form  of  thrust  bearing.  With  the  form  of  bearing  shown 
at  B,  if  the  cup  or  outer  member  is  held  and  the  load  is  exerted 
against  the  cone  or  inner  member  it  will  tend  to  force  the  rolls  more 
tightly  between  the  races  and  this  prevents  further  movement. 

Q.    What  simple  type  of  ball  bearing  can  take  thrust  u  well 
as  radial  load? 
A     The  cup  and  cone  type  of  ball  bearing  having  an 
loadline  outlined  at  Fig.  233  corteaponfe  to ^^ ■"         "*     ' 


Rg.  234.— Showing  Character  and 
Direction  of  Loads  Bearings  May 
Be  Subjected  To. 
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imuch  as  it  is  capable  of  withstanding  a  one-direction  thrust 
as  a  radial  load.  As  is  true  of  the  tapered  roll  member  the 
ust  always  be  applied  in  a  direction  tending  to  bring  the 
[  the  bearing  into  more  intimate  contact. 

Can  a  unit  bearing  be  made  to  take  end  thrust  from  both 
ms  and  sustain  a  radial  load  as  well? 

The  double  row  bearing  outlined  at  Fig.  233-D  is  an  assembly 
ed  of  two  cup  and  cone  bearings  having  a  common  inner  race- 
r  with  independent  cup  members  securely  held  by  a  steel 


1 


\S. — Showing  How  Taper  Roller  Bearing  Can  Stand  End  Thrust. 


id  is  capable  of  taking  a  load  from  any  direction.  As  the  load 
e  at  an  angle  and  diverge  from  the  center  line  of  the  bearing 
applied  from  any  direction  cannot  produce  disassembly  of 
ts.  A  radial  load  will  be  taken  by  both  rows  of  balls,  while 
it  load  from  either  direction  will  be  resisted  by  the  outer 
td  ball  opposite  the  point  of  applicatioiv,  as^\iTcsMi%  \}cl^  >i^^ 
we  kf  held  a&dnst  an  abutment  or  8YiO\3\d^T  m  \)afc  V^M«ca% 
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while  the  load  is  applied  to  the  cone.  If  the  cone  or  inner  member 
is  held  against  a  shoulder  on  a  shaft  and  the  load  is  applied  to  the 
outer  race  it  will  be  resisted  by  the  row  of  balls  nearest  the  line  A 
thrust. 

Q.  How  does  angularity  of  load  affect  radial  and  thnut 
capacity? 

A.  The  angularity  of  the  load  line  of  a  bearing  affects  radial 
and  thrust  capacity  depending  upon  the  angle  the  load  line  agsumes 
with  the  horizontal  or  vertical  center  lines  of  the  bearing.  As  a 
bearing  with  a  vertical  load  line  has  the  greatest  radial  capacity 
and  practically  no  thrust  resistance  and  one  with  a  horizontal  load 
line  has  the  greatest  thrust  capacity  and  practically  no  radial  ca- 
pacity it  will  be  apparent  that  as  the  load  line  approaches  the  vertical 
the  radial  capacity  increases  and  the  thrust  capacity  decreasea 
and  vice  versa. 

Q.    What  are  the  principal  types  of  straight  roll  bearings? 

A.  Straight  roll  bearings  may  be  divided  into  two  principal 
types,  those  having  solid  rollers  and  others  utilizing  flexible 
members. 

Q.     Outline  features  of  solid  and  flexible  rollers. 

A.  A  solid  roll  bearing  must  use  a  short  roll  in  order  to  prevent 
distortion  and  deflection  of  rolls.  If  long  solid  rollers  are  used  they 
are  apt  to  break  if  the  load  is  not  applied  evenly  along  their  entire 
length  because  as  the  roll  flattens  slightly  under  load,  one  end  will 
tend  to  travel  faster  than  the  other  and  this  produces  friction  be- 
tween the  rolls  and  the  retaining  cage.  The  capacity  of  a  solid 
roll  is  greater  than  that  of  a  flexible  member  outlined  at  Fig.  236 
but  it  is  contended  by  adherents  to  the  flexible  roller  constructioii 
that  this  type  adapts  itself  more  readily  to  irregularities  in  shaft 
contour  and  thus  turns  with  less  friction  than  do  the  solid  rolls. 

The  flexible  roller  bearings  are  made  in  two  types,  that  outlined 

at  A   Fig.  226  being  the  regular  pattern  in  which  long  steel  rolb 

are  used  while  that  at  B  which  is  termed  the  ^'high  duty"  type 

uses  shorter  rolls  of  high  tensile  s^tteTi^h  alloy  steel  and  accuratdy 

ground  inner  and  outer  race  membei^.    lu  \Jafc  x^^sgai^aa:  Vxi%  ^ 
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Fig.  236.^-Outlining  Construction  of  H^att  Flexible  Roller  Bearings. 


pattern  the  shaft  itself  is  intended  to  form  one  bearing  surface  and 
as  this  is  generally  soft  the  rolls  must  be  long  in  order  to  distribute 
the  load  over  more  surface.  Another  advantage  of  moment  for  the 
flexible  roller  bearings  as  opposed  to  the  solid  roller  type  is  the  way 
the  rolls  are  formed  by  winding  a  narrow  strip  of  flat  steel  around 
&  mandrel  to  provide  a  space  between  the  convolutions  that  acts 
SB  a  very  efficient  oil  carrier  as  it  rotates.  Alternate  rollers  are 
wound  with  right  and  left  spirals  so  the  oil  will  not  be  forced  clear 
of  the  bearing  but  will  be  constantly  circulated  from  one  side  to 
the  other. 
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Q.  What  is  the  difference  between  a  ball  and  roller  bearing 
and  which  has  the  most  friction? 

A.  Id  either  ball  or  roller  bearings  the  effect  of  the  load  is  to 
flatten  the  supporting  members  a  very  small  amount  bo  that  in  I 
roller  bearing  the  contact  between  the  roll  and  the  raceway  may 
be  represented  by  a  rectangle  having  a  length  equal  to  the  roll 
but  a  width  so  small  that  it  b  usually  considered  a  line  contact 
In  a  ball  bearing  the  flattening  of  the  ball  produces  an  ellipse  of  audi 
Bmall  area  that  it  is  usually  considered  a  point  of  contact.    As  tha  1 


Fig.  237.— Parts  of  Tj^ical  Single  Row  Ball  Bearing. 

reduction  of  friction  depends  upon  the  amount  of  surface  in  contact 
it  can  he  readily  understood  that  the  form  having  the  least  amount 
of  contact  would  have  less  friction  than  the  other  though  its  capac- 
ity would  also  be  lower  than  that  of  a  roll  of  equal  diameter  but 
having  contact  along  the  entire  length.  Ball  bearings  are  generally 
employed  where  it  is  desirable  to  reduce  friction  to  a  minimum  and 
where  bearings  must  attain  high  speed.  Roller  bearings  have  been 
mdeAy  appUed  where  bearings  of  relatively  small  diameter  but  (tf 
i^-ge  carrying  capacity  must  be  used,  ■wbsi^  ft«  iica&.\ft  -t«T<]bt«  ai 
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comparatively  low  speed  and  where  maximum  bearing  efficiency 
is  not  important. 


Name  important  parts  of  any  anti-friction  bearing. 
The  important  parts  of  an  anti-friction  bearing  of  the  roller 


form  are  shown  at  Fig.  236-B,  while  those  of  bail  bearings  of  the 
radial  and  double  row 
types  are  outlined  at 
Figs.237  and  238.  The 
principal  parts  are  an 
inner  race,  a  number 
of  supporting  anti- 
friction or  rolling 
elements,  a  suitable 
cage  or  separator  to 
contain  them  and  an 
outer  race  to  act  as 
path  for  the  rolls  or 
balls. 

Q.    Why  is  the 
separator    or    cage 
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V.  V  fo^t„'?  -- 

A.  A  ball  or  roller 
bearing  may  be 
made  of  the  full 
type,  i.  e.  propor- 
tioned so  that  prac- 
tically no  space  shall 
exist  between  the  balls 
or  tollers.  Thb  intro- 
duces an  undesirable 
element    of   friction, 

due  to  the  rubbing  of  one  revolving  member  against  its  neighbor, 
so  most  anti-friction  bearing  designers  provide  a  cage,  container 
or  separator,  that  is  depended  on  to  separate  the  rolls  or  balls  from 
each  other. 


Fig.  238.— Important  Components  of  Double 
Row  Ball  Bearing. 
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Q,     What  are  separators  made  from? 

A.  The  design  of  the  separator  and  the  function  it  is  inteided 
to  perform  determine  the  materials  to  be  used  in  its  cooBtnictico. 
A  cage  or  retainer  that  is  depended  on  to  carry  the  balls  or 
and  not  to  actually  keep  them  separated  from  each  other  may  bt 
made  of  stamped  steel  while  those  forms  that  are  intended  to  eqj- 
arate  and  guide  rolling  members  usually  pocket  them  in  an  a2 
filled  individual  chamber  for  each  member  and  are  generally  dii 
cast  of  bronze  or  white  metal. 


Q.  What  other  function  besides  separating  the  balls  or  rolli 
must  the  separator  perform  in  a  "take  down"  bearing? 

A.  In  a  bearing  of  the  cup  and  cone  or  taper  roller  type  the 
■eparator  also  acts  as  a  retainer  to  prevent  the  rolling  elemrab 
coming  out  of  place  it  the  bearing  is  taken  apart. 

Q.     Are    annular  radial  type  ball  and  roller  bearings  idjut- 
table  for  wear? 
A.    Annular  ball  bearings  having  vertical  load  lines  and  roUet 
bearing  havmg  strfught  roUs  aie  iwA  aA\\i*-^\«  V«t  ~«««x. 
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Q.  How  ia  the  fector  of  deterioration  made  negligible  in  an- 
nular bearings? 

A.  Annular  bearings  ot  the  non-adiuetable  type  are  very  ac- 
curately constructed  and  are  made  of  material  having  a  high  elastic 
limit  and  great  strength.  As  there  is  but  little  friction  between  the 
highly  finbhed,  accurately  machined  and  fitted  parts  of  a  well 
made  Minular  bearing  there  will  be  practically  no  wear  and  if  the 
bearing  is  not  overloaded  and  is  properly  lubricated  the  factor  of 
depreciation  will  be  negligible. 


Pig.  240.— Front  Hub  With  Timken  Roller  Bearings. 

Q.  What  advantages  have  "take-up"  bearings  over  the 
straight  radial  type,  and  wherein  are  the  latter  superior  to  the 
former  ? 

A.  When  cup  and  cone  ball  bearings  as  outlined  in  a  front 
hub  at  Fig.  239  or  tapered  roller  bearings  as  shown  at  Fig.  240  are 
used  it  is  possible  to  take  up  any  looseness  existing  between  the  parts 
by  screwing  up  on  an  adjusting  nut  that  will  bring  the  cone  or  inner 
member  closer  to  the  outer  member  which  effectively  eliminates  )ost 
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motion.  Bearings  of  this  type  may  be  easily  removed  fm  ii 
tion  and  can  always  be  adjusted  by  an  experienced  person  bo  th 
will  turn  with  minimum  friction  and  with  absolutely  no  lost  motitkl 
When  used  in  front  hubs  in  the  manner  indicated  the  combinatJotl 
of  the  two  bearings  which  have  diverging  load  lines  from  the  « 
produces  a  hub  mounting  capable  of  withstanding  end  tJiratl 
from  either  direction  and  support  a  radial  load  as  well.  BeariB|ll 
of  the  straight  radial  type  would  not  be  suited  for  this  api^catiiii'l 


Fig.  241. — Gearbox  With  Shafts  Mounted  on  Roller  BearinK*. 

unless  supplemented  by  forms  capable  of  taking  end  thrust.  A 
disadvantage  of  some  moment  sometimes  advanced  against  tb 
adjustable  form  of  anti-friction  bearings  is  that  these  may  be  ad- 
justed too  tightly  or  not  tight  enough  by  an  inexperienced  mechaiu- 
cian  or  novice  motorist  and  the  bearings  be  subjected  to  shocke  tnd 
stresses  that  they  were  not  designed  to  withstand,  the  result  would 
be  rapid  depreciation  and  considerable 'friction  at  a  point  when 
this  should  properly  be  eliminated.  When  using  annular  noD-fld* 
Justable  forms  of  bearings  these  aie  tec«s^«Si  IccjOL^Va  «0MaaUdn( 
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manufacturer  as  a  perfectly  adjusted,  free  riuming  unit  which  can- 
not be  varied  because  no  provision  is  made  for  changing  the  ad- 
justment provided  by  the  manufacturer.  The  non-adjustable 
type  is  practically  a  "fool  proof"  bearing. 

Q.  Name  parts  of  automobiles  where  radial  loads  only  ara 
present. 

A.  Radial  loads  are  present  only  in  certain  portions  of  the 
engine  and  gearset  of  the  average  automobile.     In  most  cars  the 
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Pig  242  —Three  Speed  Gearset  Using  Ball  Bearings. 

connecting  rod  and  crankshaft  bearings  are  not  subjected  to  thrust 
and  the  countershaft  and  main  shaft  of  the  gearset,  unless  this 
is  incorporated  as  part  of  the  rear  axle,  are  subjected  to  practically 
only  radial  stress.  In  the  illustration  at  Fig.  241  the  use  of  flexible 
roller  bearings  on  the  countershaft,  subjected  to  practically  only 
radial  loads,  b  outlined,  while  in  Fig.  242  the  application  of  single 
row  aonulaj-  ba'l  bearings  in  a  similar  capacity  is  shown.  In  this 
form  of  gearset  which  is  intended  for  attachment  directly  to  the 
rear  axle  the  bevel  drive  pinion  is  attached  to  and  revoLv«&V*Ja.'Os»«- 
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transmission  main  shaft.  As  a  thrust  load  is  present  at  thisp(»itt,ii 
the  gearbox  shown  at  Fig,  241  the  rear  end  of  the  shaft  is  supported 
by  a  pair  of  tapered  roller  bearings  while  at  Fig.  242  one  doulil 
row  ball-bearing  performs  the  same  function. 


Dr/ie^P/nion, 


''3o//3zQrin^ 


Kg.  243. — Differential  and  Driving  Gear  ABsembly  Supported  by  Bil 


Q.     At  what  point  is  considerable  thrust  present? 
A.     Considerable  end  thrust  in  addition  to  radial  load  iB  fffeaent 
at  the  front  wheels  of  an  automobile,  at  the  worm  or  bevel  driT* 
ing  gearing  and  at  the  rear  wheels. 

Q.     What  types  of  bearinga  ar«  suited  for  these  points? 
A.     As  previously  explained  beanies  «A»\ftftA^ft\«suft.«(A^iffllA 
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and  radial  load  should  be  used  at  all  points  where  the  load  is  really 
an  angular  resultant  of  radial  and  thrust  components. 

The  bevel  gear  drive  and  differential  assembly  shown  at  Fig.  243 
is  mounted  on  double  row  ball-bearings  which  are  capable  of  tak- 
ing loads  from  all  directions.  These  are  used  to  support  the  differ- 
ential casings  to  which  the  ring  gear  is  attached  as  well  as  to  take 
the  main  thrust  load  back  of  the  bevel  drive  pinion. 

Two  forms  of  rear  wheels  are  shown  at  Fig.  244,  that  at  A  is  the 
hub  of  a  wire  wheel  for  pleasure  car  service  in  which  the  load  is 
carried  by  ball-bearings  of  the  adjustable  cup  and  cone  pattern. 
The  heavy  truck  wheel  outlined  at  B  is  mounted  on  a  combination 
of  single  and  double  row  bearings.  The  double  row  member  is 
clamped  so  it  takes  the  major  part  of  the  radial  load  and  all  of  the 
thrust.  The  single  row  bearing,  which  is  restrained  only  at  the 
inner  race,  takes  radial  stresses  solely. 

Q.     Can  a  radial  ball  bearing  take  thrust,  and  how  much? 

A.  While  the  regular  single  row  annular  bearing  having  a  ver- 
tical load  line  is  not  recommended  to  take  end  thrust  it  is  capable 
of  successfully  resisting  end  thrust  equivalent  to  25%  of  its  radial 
capacity. 

Q.  Name  the  three  important  American  roller  bearings  and 
describe  them. 

A.  Three  roller  beai-ings  developed  in  America,  where  the 
perfection  of  this  form  of  bearing  has  been  carried  to  a  fine  point, 
are  the  Timken,  Hyatt,  and  Bower.  All  other  forms  are  practi- 
cally modifications  of  these  three  main  types.  The  Timken  roller 
bearing  is  a  form  employing  tapered  rollers  which  we  have  previously 
described,  the  Hyatt  uses  the  flexible  plain  rollers,  while  the  Bower 
employs  a  straight  roller  with  an  upturned  locating  flange.  The 
taper  roller  can  take  end  thrust  and  radial  load  while  the  flexible 
roller  is  suited  only  for  radial  stresses. 

Q.  What  is  the  conventional  method  of  installing  anti-fric- 
tion bearing  inner  members? 

A.  The  inner  races  of  anti-friction  bearings  are  usually  machined 
so  closely  to  standard  sizes  that  various  makes  will  interchange 
without  diflSculty.    The  shafts  to  which  these  races  are  fitted  should 
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be  machined  with  equal  accuracy  and  should  be  just  enough  smaller 
than  the  bearing  bore  so  that  inner  race  will  be  an  easy  push  fit  on 
the  shaft.  It  is  customary  to  always  restrain  the  bearing  inner 
race  from  movement  by  means  of  a  clamp  nut  or  its  equivalent. 
These  are  depended  on  to  force  the  inner  race  firmly  against  a 
shoulder  or  tubular  spacing  member  on  the  shaft,  as  outlined  at 
Fig.  245. 

Q.     How  are  anti-friction  bearing  outer  races  secured? 

A.  If  a  bearing  is  to  resist  end  thrust  as  well  as  radial  load  it 
is  customary  to  clamp  the  outer  race  between  a  threaded  closiure 
member  and  a  shoulder  in  the  housing  as  shown  at  Fig.  245.  The 
closure  member,  however,  does  not  bear  against  the  bearing  outer 
race  but  a  space  of  about  .01  inch  is  allowed  between  the  bearing 
outer  race  and  shoulders  on  clamp  nut  and  housing.  An  outer  race 
is  invariably  a  free  push  fit  in  the  housing.  If  the  bearing  is  to  be 
subjected  to  only  a  radial  load  it  is  not  necessary  to  clamp  the  bear- 
ing outer  race. 

Q.    Why  is  it  desirable  to  clamp  bearing  inner  race  to  shaft? 

A.  The  bearing  inner  races  are  clamped  firmly  to  the  shaft  in 
order  to  prevent  creeping  of  the  inner  race  on  the  shaft  under  heavy 
loads  as  this  would  tend  to  wear  the  shaft  and  the  bearing  would 
not  be  held  in  place  as  firmly  as  it  should  be  if  the  cone  once  started 
to  turn  around. 

Q.  When  narrow  single  row  bearings  are  to  be  housed  in 
soft  metal,  what  is  a  desirable  precaution  to  take? 

A.  In  order  to  prevent  the  narrow  outer  races,  which  are  of 
hard  steel,  from  peening  the  soft  aluminum  alloy  of  a  gear  case, 
for  example,  it  is  customary  to  house  the  outer  races  in  a  member 
of  pressed  steel,  cast  bronze  or  malleable  iron  which  is  firmly 
pressed  into  the  soft  metal  case  and  which  takes  all  the  strain  im- 
posed on  heavily  loaded  bearings. 

Q.  What  is  the  best  method  of  installing  radial  bearings 
when  two  are  used  on  a  shaft  subjected  to  thrust? 

A.  Only  one  of  the  bearings  should  be  employed  to  resist  the 
^lirust  load  and  this  should  have  both  inner  and  outer  races  clamped. 
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The  other  bearing  which  is  depended  on  to  take  onlyradidlc 
a  "floating"  outer  race  but  a  clamped  inner  member. 

Q.  In  assembling  adjustable  ball  or  roller  bearings  w1 
caution  is  necessary? 

A.  It  is  imperative  that  the  parts  of  the  bearing  be  adji 
a  nicety.     The  adjusting  nut  should  be  screwed  up  only 


Fig.  245. 


a  point  that  absolutely  all  the  lost  motion  or  radial  play 
from  the  member  supported  and  yet  that  member  shouli 
to  revolve  without  friction.  If  the  bearings  are  tightene 
duly  they  will  wedge  and  bind  and  wear  out  quickly.  If 
not  adjusted  tightly  enough  the  balls  or  rolls  will  be  subje 
series  of  hammer-like  blows  whenever  the  bearing  is  opor 
this  will  a/so  produce  rapid  depiec\8.\AQfi^<iV\!aB\ie»nn%p 
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iw  are  ball  or  roller  bearings  lubricated? 

3  method  of  installation  and  the  duties  they  are  to  per- 
he  factors  governing  the  lubrication  of  anti-friction  bear- 
3y  are  generally  lubricated  with  high  grade  mineral  oils 

JS.  ^ 

lat  grade  of  oil  is  most  suited  for  heavy  loads  and 

I? 

leavy  bodied  lubricant  of  the  semi-fluid  type  is  best 
)r  use  in  bearings  subject  to  heavy  loads  and  revolving 
3ed.  Greases  having  about  the  consistency  of  vaseline 
im  jelly  are  generally  applied  for  this  purpose. 

lat  grade  of  lubricant  is  best  suited  for  light  loads  at 
ds? 

an  anti-friction  bearing  is  housed  in  an  oil  retaining^ 
ding  housing,  it  is  good  practice  to  use  a  medium  grade 
il  and  run  the  bearings  in  a  constant  bath  of  lubricant, 
reases  produce  an  item  of  friction,  which  while  negligible 
ed  bearings  may  be  high  enough  to  be  objectionable  in 
[  forms. 

ly  are  animal  or  vegetable  oils  undesirable? 

1  or  roller  bearings  should  not  be  lubricated  with  oils  of 
rivation  because  these  are  not  stable  enough.  They  oxid- 
ome  rancid  on  exposure  to  the  air  and  are  apt  to  gum  up 
ring.    Animal  oils  are  also  apt  to  contain  fatty  acids. 

ly  are  acidulous  oils  injurious? 

J  containing  acid  should  never  be  used  with  ball  or  roller 
ecause  the  acid  will  etch  or  discolor  the  highly  polished 
•  the  anti-friction  members  and  the  races.  This  etching 
eposits  will  interfere  with  smooth  operation  and  tend  to 
ipid  depreciation  of  the  bearings. 

re  some  general  precautions  to  be  observed  in  installing 
m,  bearings. 

;i-friction  bearings  should  always  be  installed  in  mountings 
le  effectively  closed  to  prevent  escape  of  oil  or  ewfec^acLc^ 
»  mid  water.    Ball  bearings  should  nev^i  \i^  ^^vn^t^lNs^ 
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place  with  a  steel  drift  or  hammer  because  the  races  are  hare 
and  are  apt  to  be  cracked  unless  they  are  forced  in  place  eithe 
a  steady  pressure  from  a  press  or  by  blows  applied  throuj 
medium  of  a  block  of  hard  wood  or  piece  of  Babbit  metal  intei 
between  the  hammer  and  the  bearings.  The  blow  slfould  i 
be  directed  or  the  pressure  exerted  against  the  race  that  is 
forced  in  place. 


LESSON  TWENTY-SIX 

iV  TO  START  AND  CONTROL  AUTOMOBILE  POWER 

PLANT 

.    Before  starting  automobile  engines^  what  precautions  are 
tssary? 

The  motorist  should  make  sure  that  there  is  plenty  of  gaso- 
in  the  tank  and  that  it  is  turned  on  so  it  will  flow  to  the  car- 
tor.  The  radiator  should  also  be  filled  with  clean  water  and 
riler  niust  also  receive  attention.  The  gear  shift  lever  is  placed 
le  neutral  notch  and  the  emergency  brake  hand  lever  is  locked 
ich  a  way  that  the  brakes  are  engaged.  The  spark  lever  on  the 
ing  wheel  is  set  at  a  retard  position  and  the  throttle  or  gas 
:  is  slightly  advanced.  The  switch  for  the  ignition  system  is 
placed  in  its  active  position. 

.    Why  must  radiator  be  filled? 

It  is  imperative  that  there  be  enough  water  in  the  cooling 
3m  or  the  engine  will  soon  become  overheated. 

.    Why  must  oil  supply  be  inspected? 

K  an  automobile  engine  is  run  for  any  length  of  time  with- 
ubricant  it  will  be  seriously  damaged,  so  before  attempt  is  made 
;art  the  engine  for  a  day's  service  it  is  well  to  see  that  there  is 
dequate  supply  of  lubricant  in  the  oiling  system. 

.    Why  must  gasoline  be  turned  on  at  the  tank? 

At  the  tank  end  of  the  pipe  line  conveying  gasoline  to  the 
uretor  will  be  found  a  shut  off  valve  as  indicated  at  Fig.  246. 
lis  valve  is  closed  no  fuel  will  reach  the  carburetor  so  it  is  im- 
ant  to  open  it  up  or  see  if  it  is  opened  before  attempting  to 
;  the  engine* 
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Q.     Why  must  switch  be  closed? 

A.  The  switch  must  be  closed  or  placed  in  operative  p 
so  the  current  can  flow  to  the  spark  plugs  depended  on  to 
the  fuel  in  the  cylinders. 

Q.  If  both  battery  and  magneto  ignition  are  provided, 
is  preferable  to  start  on,  and  why? 

A.  The  switch  lever  should  be  placed  on  the  battery  side 
switch  as  indicated  at  Fig.  247-A  because  it  is  easier  to  start 
gine  with  a  battery  spark  than  it  is  from  the   average  m; 


IntoJte  M&ni)okt 


AuxiliVy  Air  VaJve  Spnng 
Control 


£^t 


Gt^olinne  TdJik 


Sediment  Cup  or 
SeperMop 


G&solfne  Tube- 


Air  Intake  VaJve 


Fig.  246  -Typical  Fuel  System  Showing  Shut-ofif  Valve  at  Tan 

With  a  battery  the  current  is  always  available  whereas  it  i 
generated  by  revolving  the  magneto  armature  if  attempt  i 
to  start  on  the  magneto.  Some  forms  of  magneto,  notabl 
of  the  true  high  tension  type,  generate  current  enough  to  ig 
gas  even  if  the  armature  is  turned  slowly.  Magnetos  of  tb 
former  coil  type  do  not  generate  current  enough  at  low 

provided  by  hand  cranking  to  iMri^isVi  ^oaitive  ieiitioii. 

car  manuf&cturerSj  therefore,  adVia^  ^taxXlviL^  oii \>DL^\5»i*wr 
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.    Where  should  speed  change  gear  lever  be,  and  why? 

The  gear  shifting  lever  should  be  in  neutral  position,  as 
n  at  Fig.  247-B,  becauBe  if  it  is  in  one  of  the  speed  positions 
lat  a  pair  of  gears  are  meshed  it  will  not  be  possible  to  turn 
nipne  without  moving  the  car.  If  the  en^ne  is  a  type  that  is 
f  started  it  may  pick  up  its  explosions  quick  enough  so  the  car 
move  as  soon  as  the  engine  starts. 

Why  should  spark  lever  be  retarded? 

The  spuk  lever  should  be  placed  in  the  retard  position,  as 
n  at  Fig.  247-C,  because  an  advanced  or  early  spark  will  pro- 


247.— Position  of  Switch,  Gear  Shift  and  Motor  Control  Levers 
on  Overland  Car  Before  Starting  Engine. 

a  back  kick  or  preignition  in  the  cylinder  that  will  tend  to  r&- 
( the  crankshaft  rotation  and  bring  the  starting  cr«ik  forcibly 
ntact  with  the  operator's  arm  or  wrist. 
.  'How  should  throttle  control  lever  be  placed? 

The  throttle  control  lever  should  be  partially  advanced  in 
r  that  a  supply  of  gas  be  drawn  into  the  motor  cylinder  as  the 
le  is  cranked  over  by  hand.  The  ptKition  of  the  throttle  lever 
We  to  that  of  the  spark  control  on  the  Overland,  cac  is  oub- 


428 


Questions  and  Answers 


Q.    How  should  motor  be  cranked? 

A.     The  method  of  cranking  the  motor  properly  is  outlinBd 
Fig.  248.     In  the  first  place  the  starting  handle  should  be 
in  the  hand  as  indicated  in  the  inset  A  because  if  held  in  this 
it  will  be  pulled  out  of  the  hand  if  the  motor  should  back  fire  due 
an  advanced  spark  lever  and  early  explosion.     In  cranking  the 
the  starting  handle  should  always  be  pulled  up  with  a  quick, 
movement.     One  should  never  push  down  on  a  starting  handki.' 
because  when  one  pulls  if  there  is  a  reversal  of  crankshaft  motioB 


Right  way  of 
cranking  the  motor 


Wrong  way  of 
cranking  the  motor 


Fig.  248.— Proper  Method  of  Grasping  Hand  Starting  Crank  in  Order 

to  Avoid  Injury  Due  to  Backfire. 


the  starting  crank  will  be  pulled  out  of  the  hand,  whereas  if  one 
pushes  down  a  back  kick  is  apt  to  injure  the  arm  or  wrist. 

Q.     Describe   process   of   '"tickling"   carburetor   and  ejq)laiii 

why  this  is  sometimes  necessary. 

A.     After  a  carburetor  bas  been  standing  for  a  time  a  certain 

portion  of  the  liquid  in  the  float  bowl  is  apt  to  evaporate  or  leak 

out  and  the  level  of  fuel  will  be  so  low  in  the  standpipe  that  gasoliiie 

will  not  be  drawn  out  to  start  t\ie  inoXiOi .   \tl  ^x^jst  \x^^3ffiSQ3& Wnnc 
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ficient  gasoline  in  the  mixing  chamber  it  is  customary  to  depress 
i  float  several  times  with  a  small  priming  pin  or  plunger  protruding 
■ough  the  float  bowl  cover.  This  process  is  commonly  called 
ckling"  the  carburetor  and  causes  a  portion  of  the  gasoline  to 
erflow  the  standpipe  so  when  the  air  is  sucked  through  the  mixing 
sunber  it  picks  up  some  of  the  liquid  fuel  and  a  rich  mixture  is 
educed  that  makes  starting  easy.  Depressing  this  pin  is  some- 
aes  called  "priming"  the  carburetor. 


V    *N 


A9»rN^  or  iDV««7M#  A£}f€tn 


ig.  249. — Showing  Various  Positions  of  Motor  Control  Levers  for 

DifiFerent  Engine  Speeds. 

I^.  What  is  another  method  of  priming  the  engine  with  fuel? 
^.  With  most  types  of  motors,  starting  will  be  considerably 
ilitated  on  a  cold  morning  or  after  the  qmx  has  been  standing  for 
ime  if  gasoline  is  introduced  directly  into  the  cylinders  througi? 
)  priming  cocks  or  compression  relief  cocks  on  the  cylinder 
uls. 

J,  What  is  the  first  step  after  the  engine  starts,  and  why  is 
Mcewary? 

L    Ab  Boaa  aa  the  en^e  starts,  the  tbrotWe  \cv^t  ^o^S^^i^  ^^j^ 
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pulled  back  until  the  throttle  is  almost  closed  in  order  \o  prevol 
the  engine  "racing." 

Q.     What  is  the  objection  to  engine  racing?  . 

A.  If  a  motor  runs  at  high  speeds  while  the  car  is  not  in  matin 
it  will  be  subjected  to  unnecessary  wear  and  the  car  will  vibnt 
unduly. 

Q.     How  is  engine  speed  controlled? 

A.     The  approved  method  of  controlling  engine  aj)eed  is  by  spti 
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F^i  250.— A  Modern  Automobile  Control  System  Showing  Crnne  81 
Speed  Changing  Lever,  Emergency  Hand  Brake  Lever  and  F 
Operated  Pedals  for  Foot  BiaVe,  e\>iVcY.  «n.&  K<UAL\«t.tar.  H 
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1  throttle  levers,  as  shown  at  Figs.  247-C,  249,  and  250.  In  most 
3  the  spark  and  throttle  levers  are  carried  above  the  steering 
jel  where  they  may  be  easily  reached,  though  sometimes  they 
mounted  on  the  steering  column,  as  shown  at  Fig.  249.  As  a 
,  advancing  the  spark  and  giving  the  engine  more  gas  by  moving 
throttle  lever  will  accelerate  motor  speed,  while  retarding  the 
k  and  cutting  down  the  supply  of  gas  will  slow  the  engine 
n.  The  various  positions  of  the  spark  and  throttle  levers  of 
Pierce-Arrow  car  for  starting,  slow,  medium  and  fast  running 
bdicated  at  Fig.  249. 

.    Describe  an  automatic  engine  stop  to  prevent  excessive 
A. 

Some  forms  of  engines  are  provided  with  a  governor  con- 
ed with  the  throttle  in  such  a  way  that  when  the  engine  speed 
eds  a  certain  predetermined  point  the  throttle  will  be  closed  by 
governor  and  the  engine  speed  will  slacken  automatically. 

Outline  common  method  of  cutting  out  governor  action. 

In  cars  where  a  governor  is  fitted  on  the  engine  the  gas  lever 
foot  accelerator  may  be  used  to  open  the  throttle  independently 
le  governor  so  that  this  member  will  only  be  operative  when 
throttle  lever  or  accelerator  pedal  is  set  for  low  or  medium 
is. 

Why  should  spark  be  advanced  after  engine  is  started? 

The  spark  lever  should  be  moved  from  the  retard  position 
Km  as  the  engme  is  started  in  order  to  bring  the  ignition  point 
16  spark  takes  place  just  when  the  piston  reaches  the  end  of 
3mpression  stroke  instead  of  after  it  has  started  to  go  down  on 
power  stroke.  Continuous  operation  with  lever  in  retarded 
ion  will  mean  overheating  and  loss  of  engine  eflSciency. 

What  happens  if  spark  lever  is  too  far  advanced? 

If  the  engine  is  run  with  the  spark  lever  advanced  too  much, 
charges  will  explode  before  the  piston  reaches  the  end  of  its 
nression  stroke  and  this  preignition,  or  early  explosion,  will 
Be  stresses  on  the  motor  bearings  and  will  produce  a  pronounced 
sound  because  it  tends  to  oppose  piston  ixiQN€V£L^\^« 
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Q.    What  is  the  best  position  for  spark  lever  under  averap 
running  conditions? 

A.  The  spark  lever  can  be  placed  to  best  advantage  at  that 
point  on  the  segment  which  corresponds  to  ignition  when  the  pis- 
ton reaches  the  end  of  the  compression  stroke,  because  this  condi- 
tion is  one  favorable  to  efficient  engine  action  and  makes  possible 
very  flexible  control  by  throttle  lever  alone.  In  some  cars  uang 
magneto  ignition  no  provision  is  made  for  advancing  or  retarding 
the  time  of  the  spark  which  is  set  so  it  occurs  slightly  in  advance 
of  top  center  or  when  the  piston  has  just  compacted  a  charge  of 
gas  and  is  ready  to  descend  on  its  power  stroke.  In  cars  using  thia 
system  of  control  the  engine  speed  is  regulated  entirely  by  the 
throttle  lever  or  accelerator  pedal. 

Q.  What  should  be  done  if  any  unusual  noises  materialize 
after  engine  is  started? 

A.  If  any  unusual  sounds  are  heard  after  the  engine  is  started 
the  operator  should  immediately  stop  the  motor  and  investigate 
the  cause  of  the  noise.  Sometimes  considerable  damage  may  be 
done  to  the  mechanism  by  a  loose  or  broken  part  if  the  engine  is 
kept  running  when  a  defective  condition  has  made  itself  known. 

Q,    How  is  electric  starter  used  to  start  engine  ? 

A.  As  the  electric  motor  replaces  the  hand  crank,  set  the  motor 
speed  control  levers  the  same,  pull  out  choke-button  on  dash  for  a 
cold  motor,  turn  on  ignition  switch  and  press  button  or  pedal  actuat- 
ing electric  starting  motor.  Release  button  or  pedal  as  soon  as  motor 
starts.  Do  not-crank  engine  for  extended  periods  as  it  will  run  down 
the  storage  battery.  If  the  engine  does  not  start  make  sure  there  is 
spark  and  gas  same  as  in  starting  with  hand  crank. 


Note. — For  further  information  on  Engine  Control  see  **  The  Modern  GasoUae 
Automobile." — By  Pag6. 


LESSON  TWENTY-SEVEN 

METHODS  OF  SPEED  CHANQINQ  OUTLINED 

Name  the  principal  types  of  speed  changing  systems. 

Speed  changes  may  be  effected  by  means  of  friction,  plan- 
jT,  sliding  gear,  and  individual  clutch  gearing. 

Which  are  the  simplest  types  to  control? 

The  friction  and  planetary  gearing  are  the  easiest  operated 

he  novice,  though  the  individual  clutch  and  selective  sliding 

are  handled  just  as  easily  by  the  more  experienced  motorist. 

,     What  is  the  feature  of  the  planetary  gear  set? 

The  important  feature  of  an  epicyclic  or  planetary  gear  set 
at  the  speed  reduction  gears  are  always  in  mesh  and  that  any 
d  may  be  obtained  instantly  by  a  simple  movement  which 
iens  a  fricticm  band  or  clutch  acting  only  for  the  speed  selected. 
he  gears  are  always  in  mesh  and  as  the  operation  of  obtaining 
3ed  and  applying  a  clutch  is  simultaneous,  there  is  no  danger 
ripping  gears  or  of  doing  other  damage  to  the  transmission. 

.     Name   principal   planetary   gear   car   and   describe   con- 
ing system. 

Practically  the  only  planetary  gear  car  now  on  the  market, 
one  that  is  sold  in  very  large  quantities,  is  the  Ford  Model  T. 
control  system  of  this  is  shown  at  Fig.  25  L  The  spark  and 
title  control  are  on  the  steering  post  under  the  wheel  which  is 
red  at  the  left  side  of  the  car.  The  lever  at  the  outside  is  for 
ipark  advance  while  that  on  the  right  is  the  throttle  lever  con- 
ng  the  gas  supply.  A  single  hand  lever,  which  combines  the 
tion  of  an  emergency  brake  actuator  and  \i\^  s^^^di  ^\iX»^T^ 
Mjxrovided  on  the  left  side  of  the  car.     T\ice^^^^"aNa«x^>;isfc^n 
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the  one  at  the  extreme  left  engaging  the  low  speed  when  puAed 
forward  and  ailowing  the  direct  drive  clutch  which  is  spring  engaged 


Kg.  251.— Outlining  DistinctiTc  Control  System  of  Ford  Model  T  Auto- 
mobile, Which  Employs  Two  Speed  and  Reverse  Planetarf  Oeir- 
■ng.  Location  of  Spark  and  Throttle  Levers  Clearly  Shown  in  InMt 
This  Control  System  has  not  Been  Changed  for  Many  Years. 


to  come  into  actionif  allowed  to  drop  to  its  rearmost  position,  Whai 
the  emergency  brake  lever  is  applied  the  high  and  low  spee'd  pedal 
is  in  a  neutral  position.  The  middle  pedal  engages  the  reveree  ratio 
when  pressed  forward,  while  that  at  the  extreme  right  is  a  foot 
brake  acting  on  the  gearset. 

Q.     Describe  simplest  form  of  planetary  control  sjrstem. 
A.     The  simplest  form  of  planetary  gear  control  Bystem  is  thit 
hy  which  B  single  lever  convemetA  Vo  Xiifc  (t^TaAoi's  hand  isiUBd 
to  engage  all  speeds.     The  lever  lias  &^%  ■^v^AssBa,  'liEiMfc  ^-itn^b 
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5  the  gearset  into  operation,  while  the  other  two  are  neutral 
ts  in  order  to  prevent  passing  from  one  speed  to  another  too 
Idy.  As  generally  arranged,  if  one  brings  the  lever  to  its  ex- 
e  rear  position  the  reverse  motion  will  be  secured.  Just  for- 
l  of  this  point  is  a  neutral  position  from  which  the  lever  may 
Tought  into  slow  speed  by  pushing  forward.  If  the  motion 
le  lever  is  continued  the  second  neutral  point  is  passed  and 
1  the  extreme  forward  position  is  reached  the  high  speed  is 
ged.  It  will  be  seen  that  there  are  two  neutral  points,  one 
een  the  low  and  reverse,  the  other  between  the  low  and  high 
is.  The  lever  may  be  placed  in  either  neutral  point  when 
ping  the  car,  though  it  is  preferable  to  place  it  between  the  low 
reverse  instead  of  between  the  high  and  low  when  stopping,  as 
jar  may  then  be  moved  either  forward  or  backward,  as  condi- 
\  dictate. 

How  are  low  speed  and  reverse  ratios  obtained  in  plane- 
gear  set? 

The  low  speed  and  reverse  ratios  are  secured  by  tightening 
e  bands  around  the  drum  or  case  in  which  the  reduction  gears 
arried. 

How  is  direct  drive  obtained? 

Direct  drive  is  obtained  by  means  of  a  friction  clutch  of 
T  the  cone  or  multiple  disc  type,  which  locks  the  entire  gearset 
nbly  together  so  that  the  gearing  does  not  revolve  on  its  own 
but  around  the  driving  shaft  center  line  so  that  the  drive  is 
ined  without  any  reduction  in  ratio  except  that  existing  between 
jeyel  pinion  and  ring  gear  at  the  rear  axle. 

,     How  are  speed  changes  obtained  with  friction  drive? 

Speed  changes  of  friction  drive  cars  are  obtained  by  sliding 
driven  disk  across  the  face  of  the  driving  member  by  means 
suitable  handle  or  disk  shift  lever  at  the  side  of  the  car. 

Describe  typical  friction  drive  car  control  system. 

The  control  system  of  a  friction  driven  automobile  is  simple 

ecnsists  of  the  usual  spark  and  throttle  coiitto\\ev^x%  ^tjlS^w^ 

mgpast,  a  band  lever  to  obtain  the  varym^  s^^^di  T«^ivs>R»  «sA 
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two  pedals.  One  of  the  pedals  is  used  to  release  and  apply  the 
power  by  moving  the  friction  members  from  or  toward  each  other. 
This  pedal  ia  provided  with  a  ratchet  lock  so  it  may  be  retained 
in  position  desired  by  the  operator.  The  other  pedal  is  a  brake 
applyit^  member.  Before  the  hand  lever  can  be  moved  to  shift 
the  friction  disk  it  is  necessary  to  break  the  driving  connection 
between  them  by  releasing  the  pressure  at  the  pedal.  Changes  of 
speed  are  obtaned  progressively,  the  usual  arrangement  being  to 
engage  the  discs  for  reverse  motion  when  the  lever  is  toward  the 
rear  of  the  car  and  to  obtain  high  forward  drive  ratios  as  the  lever 
is  pushed  toward  the  front  of  the  car.     The  degree  of  pressure  to 


Fig.  252. — Selective  Gear  Quadrants. 


be  applied  at  the  friction  pedal  depends  upon  the  character  of  the 
road  surfaces.  On  good  roads  but  little  pressure  is  needed  to  se- 
cure positive  driving,  but  as  road  conditions  become  more  severe 
a  greater  degree  of  frictional  adhesion  is  desired  so  more  pressure 
must  be  applied  by  the  pedal. 

Q.     What  two  methods  of  sliding  gearset  control  are  used? 

A.     Sliding  gearsets  may  be  controlled  either  by  the  progressive 
or  selective  system. 

Q.     What  is  a  progressive  gearshift,  and  what  are  its  du- 
advantages? 
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A.  The  progresdve  gearshift  is  the  type  where  the  hand  lever 
nmst  be  pushed  from  one  extreme  of  a  segment  to  the  other  to  ob- 
-tain  varying  speed  ratios  which  are  progressive  in  their  application. 
This  sector  ia  usually  provided  with  five  notches  if  used  on  a  three 
epeed  and  reverse  gearset.  The  rearmost  notch  is  the  reverse 
posHicHi.  The  next  one  working  toward  the  front  of  the  car  is  a 
itButral  point  and  then  the  low  speed,  intermediate  and  direct  drive 


y'&ear  Shir'tM^laye^ 


^  Se/e-c  t/'v'e  Seo 


positions  follow  in  the  order  named.  The  disadvantage  of  this 
eystem  is  that  if  the  lever  is  in  the  reverse  position  and  it  is  desired 
to  engage  the  intermediate  or  high  speed,  it  is  necessary  to  first 
pass  through  the  low  speed  before  the  higher  ratios  can  be  secured. 
This  gear  control  is  not  very  widely  used  as  it  is  slow  in  action  and 
require  careful  gear  shifting  in  order  to  avoid  injuring  the  ^eai 
teeth. 
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^!g.  Se4.— Control  system  o!  Bu\Ot  Sw-CiVmiet  lwiMinw&ft»\» 
of  Modern  Cane  Shiit  Methods  aiv4  a\o-wv  »;n.  B^a«^^ 
of  Control  Levers,  Pedals  and  Co'S^  Bo*t4  VtMxumwM 
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scribe  selective  system,  and  give  advantages. 

J  selective  system  uses  but  one  hand  lever,  as  shown  in 
IS  Figs.  252  to  256  inclusive,  to  obtain  varying  speed 
.  this  works  in  an  H  slot  segment  member  outlined  at 
ind  253  which  makes  it  possible  to  go  from  the  neutral 
to  any  gear  ratio  desired  or  from  one  ratio  to  the  other 
igaging  any  other  gears  than  those  desired.  This  is  ac- 
l  by  providing  a  lever  capable  of  side  motion,  as  well 
l-aft  movement.  The  manner  in  which  the  lever  can  be 
om  second  speed  to  direct  drive  is  clearly  outlined  at  A, 
rom  first  speed  to  second  in  the  manner  indicated  at  B 
he  reverse  position  as  shown  at  C.  When  the  lever  is 
ihe  passage  separating  the  two  slots  in  the  segment  it  is 
raJ  position. 

lat  are  the  essentials  of  a  sliding  gear  control  system? 

imple  selective  sliding  gear  control  system  and  the  posi- 
5  levers  to  obtain  various  speed  ratios  on  a  simple  three 
set  is  outlined  at  Fig.  254.  When  three  speeds  are  pro- 
}hown  at  Fig.  255,  the  gated  segment  provides  five  pos- 
ions  for  the  gear  shifting  lever.  The  control  system 
irhich  is  that  of  the  Overland  car,  is  typical  of  modern 
id  consists  of  the  usual  motor  control  levers  carried  at 
the  steering  post,  two  hand  levers,  one  for  gear  shifting 
aer  for  emergency  brake  actuation  and  four  foot-operated 
>  of  which  are  used  in  controlling  the  car  directly  while 
rator  button  controls  the  car  velocity  by  varying  the 
eds.  One  of  the  large  foot  levers  is  a  brake  pedal,  the 
dutch  pedal.  The  accelerator  or  small  button  in  the  floor 
on  the  throttle  of  the  carburetor  while  the  muffler  cut- 
)loyed  to  open  a  valve  in  the  exhaust  pipe  and  enable 
to  be  discharged  directly  into  the  air  instead  of  passing 
e  muffler.  The  control  system  of  the  Rambler  car,  which 
at  similar  to  that  previously  described  except  for  the 
the  hand  levers,  is  clearly  outlined  at  Fig.  256. 

time  function  of  clutch  pedal. 

idutob  pedal,  which  is  usually  pVaced  ^o  Wi^^X  ^^clX^^ 
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Fig.  255.— Complete    System    of    Overland    Can. 


operated  by  the  left  foot  on  most  cars  and  which  is  clearly 

at  Fig.  257,  b  utilized  to  disconnect  the  engine  power  from  tl 

whenever  it  is  desired  to  shift  the  speed  changing  lever.     1 

pedal  also  permits  the  driver  to  reVa&e  ^'ba  eu^:&&  v>^tv 

narwbeelB  wlieneveriti8de8iiedtoB\aaV.«Q,»ewA,»iA*i 
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imooth  clutch  engagement  in  starting  the  car  from  a  standstill 
operly  actuated. 
Describe  method  of  starting  sliding  gear  car. 
After  the  ea^ne  has  been  started  in  the  manner  indicated 
eceding  lessons,  the  first  step  is  to  depress  the  clutch  pedal, 
accelerate  the  engine  speed  slightly  'and  after  pushing  the 
je  speed  lever  in  low  gear  position  the  clutch  pedal  is  gradually 


f  ^ 

^w^ 

l^tf 

w 

Fig.  256.— Control  System  of  Rambler  Automobile. 

ed  BO  the  engine  power  is  transmitted  to  the  rear  wheels. 

the  car  has  attained  a  certain  momentum  which  it  does  in 
ten  to  twenty  yards  the  clutch  pedal  is  again  depressed  and 

car  b  operated  on  a  level  road  the  gearshift  lever  may  be 
d  into  direct  drive  position  and  the  clutch  again  re-engaged 
«Ur«  If  on  a  slight  up-grade,  however ,  it  ■wiW  be  'cwsfc  ^»  -^wfe 
ht  intermediate  or  second  speed  from  t\ie  \cm  fs^e^  \ik&cr^ 
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Pig.  257.— Showing  Clutch,  Brake 
and  Accelerator  Pedals  of  Ram- 
bler Automobile. 


going  into  the  highest  ratio.  Care  should  be  taken  always  to  de- 
press clutch  pedals  before  shifting  the  gear  lever  fuid  abo  to  aced- 
erate  en^ne  before  engaging  the  clutch. 

Q.  Why  must  etigine  be  accel- 
erated before  clutch  is  ei^aged? 
A.  If  the  engine  speed  ii 
not  accelerated  before  clutch  ia 
engaged  it  will  not  deliver  suffi- 
cient power  to  start  the  car  and 
as  soon  as  the  clutch  takes  b(dd 
the  resistance  will  be  too  greit 
for  the  motor  which  will  become 
"stalled"  or  atop.  If  the  engine 
is  speeded  up  it  will  develop 
more  power  than  is  needed  to 
start  the  car  and  unless  the 
clutch  is  very  suddenly  engaf^ 
it  is  not  likely  to  stop. 
Q.  What  would  happen  if  gears  were  shifted  without  releai- 
ing  clutch? 

A.  If  attempt  was  made  to  shift  the  gears  in  a  sliding  gearset 
without  first  releasing  the  master  clutch  the  effect  of  brin^png  two 
rotating  gears  into  engagement  would  be  to  strip  the  teeth  of  the 
gears  on  account  of  the  shearing  action  between  them  when  the 
edges  of  one  set  of  hard  teeth  engage  the  corresponding  side  of  the 
other  set.  If  the  clutch  is  released,  one  set  of  gears  stops  and  the 
other  gear  which  is  moving  if  the  car  is  in  motion  can  engage  the 
geM  which  is  not  turning  without  injuring  the  teeth  of  either  memha. 
Q.  Describe  some  standard  selective  quadrants. 
A.  There  is  considerable  difference  of  opinion  among  motor 
car  designers  regarding  the  arrangement  of  the  selective  quadranla 
and  the  positions  of  the  lever  for  obtaining  various  speeds.  In 
some  cars  the  reverse  position  may  be  at  the  front  end  of  the  sectcr, 
whereas  in  others  it  is  in  the  more  logical  place  or  rear  end.  The 
various  positions  of  the  \evet  foi  obtaimng  different  speed  ratios 
on  typical  standaid  cars  are  desrVy  cM.\?flaeA,».\.'SS%f1K«i.  '\\»,\s**« 
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iicatee  the  reveree  position;  N  a  neutral  point,  while  the 
at  speed  is  indicated  by  /  and  the  others  as  2,  3  and  4,  the 
becoming  higher  as  the  value   of  the   indicating  numeral 


e  sector  shown  at  A  is  used  on  Stoddard,  Steams,  Mitchell, 
ion,  Overland,  Kegal,  Speedwell,  Kissel,  Courier,  Hudson, 
las  M.  Kerce-Racine,  Marmon,  Apperaon,  Mathewaon  Six, 
lac,  E.  M.  F.,  Elmore,  Velie,  Chalmers,  and  Reo.  This  is 
loet  popular  form  of  segment  and  has  been  widely  used.  The 
at  B  which  is  a  reversal  of  the  former,  inasmuch  as  the  lowest 
everse  speed  positions  are  in  the  outer  slot  instead  of  the  inner, 
d  on  the  Premier,  Buick,  Pope-Hartford,  Black  Crow,  Haynes, 


Gnniiift  Quadrants  That  Hkv«  'R.«^t&. 
Application. 
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and  Fal  cars.  The  form  shown  at  C  is  considered  by  ms 
eers  to  be  a  more  logical  one  as  the  reverse  position  is  at  1 
the  segment  and  the  two  most  commonly  used  forward  i 
at  the  front  end.  This  has  been  used  on  the  Rambler,  ] 
and  National  cars.  The  type  outlined  at  D  is  a  reversal  c 
shown  at  C  and  has  been  used  on  the  Corbin  and  Columbi 
biles. 

The  four  speed  segments  arq  shown  in  the  following  f 
are  used  on  cars  as  follows:  type  E  is  used  on  the  Loc( 
on  the  Peerless,  G  on  the  Apperson,  H  on  the  Winton,  L  c 
mer-Singer,  and  J  on  the  Pierce  Arrow.  Contrasted  tc 
speed  and  reverse  segments  with  the  five  positions  for  th 
four  speed  segments  have  six  or  seven  positions,  some 
individual  place  for  each  speed,  while  others  have  a  con 
member  and  obtain  the  reverse,  first  and  second  speedi 
ively  with  but  one  neutral  point. 

Q.  How  are  speed  changes  effected  when  individ 
gear  is  fitted? 

A.  When  an  individual  clutch  gearset  having  gears 
mesh  but  employing  positive  jaw  clutches  in  the  gears 
in  connection  with  a  master  clutch  at  the  engine,  varj 
ratios  are  usually  obtained  by  a  selective  control  just  at 
ing  gearset,  and  care  must  be  taken  to  operate  the  ma 
every  time  a  different  speed  ratio  is  desired. 

Q.  What  is  the  Vulcan  electric  gear  shift,  and  he 
operate  ? 

A.  A  new  system  of  gear  shifting  has  been  recently 
which  depends  on  the  use  of  electric  current  to  shift  th 
stead  of  the  usual  hand  lever.  The  steering  wheel  is  she 
258-A  with  the  various  speed  changing  buttons  let  into 
wheel  spokes.  The  operation  of  shifting  a  gear  is  ve 
consisting  merely  of  depressing  the  clutch  pedal  and  prei 
on  the  switch  button  marked  with  the  gear  ratio  desi 
system  is  not  complicated,  the  gears  being  controlled  l 
coils,  one  being  used  for  each  ioiNvard  speed  and  one  ft 
Two  switches  are  utilized  betMveeii\Jti^\i«iXX»«^  wA>i}Q%w 
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switch  controlled  by  the  clutch  pedal  and  a  push  button  located 
on  the  steering  wheel.  All  changes  of  gears  are  controlled  by  the 
knife  switch  and  the  push  buttons  on  steering  wheel  merely  arrango 
the  circuit  for  the  particular  speed  desired.  A  glance  at  the  draw- 
ing shows  that  the  clutch  pedal  moves  through  a  link  during  the 
first  part  of  its  motion  and  during  the  remainder  picks  up  the  link 
and  carries  it  along  with  it.  Thus  the  first  movement  is  the  regular 
operation  of  the  clutch,  but  a  continued  operation  of  the  clutch 
lever  actuates  the  knife  switch. 

Current  flows  from  the  battery  through  the  solenoid  coil  and  pulls 
a  plunger  against  a  magnet  with  a  force  which  is  given  as  150 
pounds.  This  energy  is  transmitted  through  an  arm  to  the  gear- 
shifting  fork  and  gear  in  exactly  the  same  manner  as  if  the  gears 
were  operated  with  a  hand  lever.  The  plungers  in  the  illustration 
are  shown  in  a  neutral  position.  When  the  button  is  pressed  on 
the  control  member,  current  passes  through  the  coils  around  the 
plungers,  drawing  them  against  the  magnet.  It  is  said  that  the 
current  required  to  make  the  shift  is  about  17  amperes,  and  it  is 
claimed,  further,  that  three  hundred  speed  changes  may  be  made 
with  less  current  consumption  than  is  required  in  starting  the  motor 
with  an  electric  starting  device. 

An  advantage  claimed  for  this  electric  gear  shift  is  that  the  gears 
cajmot  be  stripped,  for  the  reason  that  the  clutch  must  be  disen- 
gaged before  a  shift  can  be  made  and  the  gears  are  always  in  neutral 
before  the  coils  can  accomplish  the  change.  Furthermore,  no  two 
speeds  can  be  utilized  at  the  same  time  because  each  speed  is  gov- 
erned independently  of  the  others,  and  an  interlocking  device  pre- 
vents the  operator  from  using  any  two  buttons  at  one  time,  even 
if  he  should  make  a  mistake  or  be  careless. 

The  box  which  contains  the  switches  and  solenoid  coils  is  mount- 
ed at  the  side  of  the  gear  box,  and  it  is  said  that  the  device  adds 
only  46  pounds  to  the  weight  of  the  chassis.  On  the  S.  G.  V.  car 
the  control  buttons  are  mounted  in  a  neat  alimiinum  box  on  the 
steering  wheel,  one  for  each  speed,  and  one  for  a  neutral  member. 
In  operation  the  system  is  very  simple.  If,  for  instance,  the  fourth 
speed  button  is  pushed  down  and  tte  dwtch  is  thrown  out  and  then 
fe^ngaged,   the  car  will  remam  m  lovrrtJci  «^^ftd..   "^X*^  ^sscra^ 
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ta  traffic  on  the  third  speed  the  driver  may  set  the  second  speed 
button  and  by  depressing  the  clutch  pedal  fully  will  automatically 
shift  into  second  speed.  In  a  similar  manner  all  other  changes 
may  be  made.  The  driver  need  not  lift  his  hand  from  the  wheel 
in  order  to  accomplish  any  change  in  the  gears. 

Q.    What  is  the  difference  between  cane  and  gate  shift  ? 

A.  In  the  former,  the  speed  changing  or  gear  shifting  lever  is 
nipported  by  a  ball  and  socket  joint  and  moved  to  the  proper  posi- 


on  as  indicated  by  the  sense  of  touch.  In  the  gate  shift,  the  lever  is 
aided  by  slots  in  a  segment.  Both  systems  are  clearly  shown  in 
ccompanying  Ulustration. 


LESSON  TWENTY-EIGHT 

UTILITY  OF  BRAKES  AND  THEIR  USES 

Q.     What  is  the  purpose  of  the  braking  system? 

A.  The  brakes  of  an  automobile  or  any  other  vehicle  are  used 
to  arrest  its  motion  when  desired. 

Q.  How  do  motor  car  brakes  differ  from  those  used  on 
wagons  ? 

A.  The  shoe  brake,  which  consists  of  a  friction  block  bearing 
against  the  wheel  tire,  is  generally  used  on  wagons  and  in  railway 
practice.  Automobile  brakes  act  on  special  drums  attached  to 
some  part  of  the  power  transmission  system  and  not  on  the  wheel 
tire. 

Q.  Why  is  the  shoe  and  tire  brake  undesirable  on  automo- 
biles? 

A.  If  the  automobile,  which  is  a  self-propelled  vehicle,  and 
which  can  be  stopped  only  by  application  of  the  brakes,  utilized 
shoes  bearing  against  the  wheel  tires  the  constant  application  of 
the  braking  member  would  result  in  rapid  depreciation  of  the  tires 
which  deteriorate  rapidly  enough  from  normal  usage. 

Q.     What  forms  of  brakes  are  used  on  motor  car  chasses? 

A.  Brakes  employed  in  motor  cars  are  of  the  band  or  shoe  form 
and  may  be  applied  to  the  exterior  or  interior  of  the  brake  drums. 
The  brake  shown  at  Fig.  259  is  an  internal  form  in  which  two  brake 
shoes  are  spread  by  a  cam  until  they  engage  the  inner  surface  d 
a  steel  brake  drum  usually  attached  to  the  propeller  shaft  or  to  the 
rear  wheel  hub.  The  brake  outlined  at  Fig.  260  is  a  constricting 
form  applied  to  the  outer  periphery  of  the  brake  drum  and  wfaieli 
arrests  motion  of  the  drum  by  binding  a  band  tightly  around  it 
Sometimes  the  cast  shoes  oi  tW  mlectisX  \yt^^  «t^  x^'^akmI  bf  » 
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F  steel  faced  with  some  frictional  material  such  as  Raybestos 
some  cars  the  external  brake  is  composed  of  a  p^r  of  cast 
inged  to  clamp  the  brake  drum  between  them  when  applied. 
Where  are  brakes  applied? 

The  braking  members  of  modern  automobiles  are  generally 
d  to  the  rear  axle  and  are  applied  directly  agiunst  drums 
by  the  wheel  hubs.  A  typical  assembly  is  shown  at  Fig, 
.h  the  drum  removed  in  order  to  outline  clearly  the  construe 


I^.  259. — Internal  Expanding  or  Shoe  Brake. 

the  brake  members.  The  internal  brake  which  is  cam  ex- 
is  composed  of  a  steel  band  faced  with  Raybestos  or  other 
asbestOB  fabric,  the  action  of  the  cam  being  to  spread  out  the 
tgainet  the  inner  periphery  of  the  brake  drums.  The  exter- 
ke  band  is  made  of  lighter  material  than  tW  m\eras\  toKrotoiisi 
moBtrk^etd  around  the  brake  drum  by  a.  s\TKp\fe  V^  <iT«iiB. 
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lever.  Both  inner  and  outer  brakes  are  supported  by  spring  mem- 
bera  in  order  to  keep  them  out  of  eogagement  with  the  brake  drum 
unless  applied  and  to  prevent  rattle. 

Q.  Can  brakes  be  fitted  to  other  parts  of  a  car  besides  the 
wheels? 

A.  In  some  forms  of  pleasure  cars  the  regular  or  service  brake 
is  applied  on  a  drum  at  the  drive  end  of  the  transmiBsion  to  which 
the  driving  shaft  ia  attached  as  shown  at  Fig.  262,  while  in  tma 
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F\%.  260. — External  Constricting  Band  Brake. 

motor  trucks,  in  addition  to  the  rem  wheel  location  a  sernM 
brake  may  be  attached  to  drums  that  are  in  direct  mechanic*! 
connection  with  the  driving  sprockets  on  the  countershaft.  A 
brake  of  this  nature  is  shown  at  Fig.  263  and  is  used  as  a  service 
brake  while  the  emergency  braking  effect  is  obtained  by  a  p«r  d 
shoes  expanded  by  a  cam. 

Q.     What   are   the   advantages   of  countershaft   and  drirlng 
shaft  brakes? 
A.     An  important  advantage  gM»Bi\s3  ttp^\f«*».\«ifcSB% 
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aon  member  revolving  at  higher  speed  than  the  rear  wheels 
B  that  a  smaller  brake  can  be  used  to  retard  the  vehicle  on  account 
of  the  multiplication  of  power  obtained  by  the  difference  in  ratio 
between  the  driving  and  driven  sprockets  or  the  driving  pinion  and 
driveD  gear.     This  is  considered  hy  some  dcKiRnprs  to  be  a  construe- 


^^^kf^o/^ra/teSarya 

g 

|a^ 

■      ■     -7 

lxir.rnot  B.'OKe 
^■Ope.raf/hi^  i.^n-e-r 

I^^SIk'             Cam 

Im 

@ 

% 

i 

A  yH 

W 

tton  subject  to  criticism  inasmuch  as  it  is  contended  that  the  driving 
elements  are  subjected  to  considerable  stress  by  using  them  for 
both  driving  and  braking  purposes  that  they  viouVd  ^oX.  \)«  c»&r,\ 
upoD  to  take  if  used  only  for  driving  purpoees. 
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Q.     Discuss  features  of  internal  brake  location. 

A.  An  important  advantage  of  the  internal  brake  is  that  H  ii 
entirely  enclosed  and  protected  and  that  it  can  be  firmly  attsclied 
to  the  member  taking  the  braking  torque.  As  it  is  installed  inadt 
of  the  brake-drum  it  is  liable  to  be  affected  by  accumulations  d 
lubricant  leaking  out  from  the  axle  housing.  It  is  also  difficult  of 
access  for  repairs  or  adjustment,  so  most  designers  endeavw  to 
provide  a  construction  that  will  not  need  frequent  adjustment,  and 
then  use  this  brake  for  emergency  purposes  so  that  it  is  not  called 


Fig;  262.- 


on  as  often  as  the  regular  service  brake  which  is  usually  of  ths  ex- 
ternal band  pattern. 

Q.     Discuss  disadvantages  and  advantages  of  extenial  brakd 

A.     Most  of  the  external  brakes  have  a  disadvantage  in  that  the; 

are  apt  to  rattle  against  the  brake  drums  and  also  that  they  detnHit 

from  the  neat  appearance  oi  the  ^heeV  vtno^  to  their  i 

n'cal  form.     Brakes  of  Vsaa  naXraa  m«  "^^TI  ' 
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and  they  may  be  easily  adjusted  or  removed  if  it  is  desired  to  re- 
place the  brake  lining  without  disturbing  the  wheel,  as  would  be 
necessary  if  the  internal  brakes  demanded  attention. 

Q.  What  materials  are  usually  employed  in  brake  construc- 
tion? 

A.  Materials  to  be  used  in  brake  construction  must  have 
strength,  endurance,  and  possess  a  high  degree  of  friction.  The 
materials  ordinarily  used  are  metals  where  strength  is  desired  and 
various  fibrous  substances  having  a  high  degree  of  frictional  ad- 
hesion for  brake  linings  and  facings. 

Q.     What  are  brake  drums  made  of? 

A.  Brake  drums  are  cominonly  made  of  steel,  those  on  the  lighter 
cars  are  formed  by  stamping  the  drums  from  the  sheet  under  power- 
ful presses  while  on  heavy  vehicles  steel  castings  are  employed.  With 
the  ordinary  form  of  pressed  steel  brake  drum  the  smrfaces  are 
suflSciently  smooth  and  true  to  size  so  no  machining  is  necessary, 
but  the  castings  must  be  faced  off  in  order  to  obtain  a  smooth  sur- 
face against  which  the  brake  band  can  bear. 

Q.     What  are  brake  shoes  made  of? 

A.  Brake  shoes  may  be  made  of  steel,  bronze,  or  malleable  iron 
castings  on  the  larger  types  and  of  drop  forgings  in  the  smaller 
sizes. 

Q.     What  materials  are  used  to  increase  friction  of  brakes? 

A.  Among  the  materials  used  to  promote  greater  frictional 
adhesion  may  be  mentioned  camels'  hair  belting,  woven  wire  and 
asbestos  fabrics  sold  under  the  trade  names  of  Raybestos,  Multi- 
bestos,  etc.,  and  cork. 

Q.     How  is  brake  lining  attached  to  band  or  shoe? 

A.  Brake  linings  are  attached  to  the  brake  bands  or  shoes  by 
means  of  copper  rivets  which  are  countersimk  in  the  friction  ma- 
terial and  tightly  riveted  over  at  the  inner  side  of  thp  brake  band. 

Q.     How  are  cork  inserts  used? 

A.  Cork  is  employed  in  the  form  of  inserts  which  is  compressed 
into  suitable  holes  drilled  to  receive  them  in  the  brake  shoe  cast- 
ings which  are  generally  of  bronze  or  cast  malleable  vslqksl^V^ss^^'^^^^ 
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cork  is  employed  and  of  special  form  having  pockets  to  receive  the 
frictional  material.  The  use  of  cork  provides  for  a  greater  degree 
of  friction  and  enables  the  brake  to  work  more  eflSciently  if  oil  is 
present  between  the  surfaces  and  also  promotes  gradual  brake 
application. 

Q.    What  must  a  brake  do  to  be  efficient? 

A.  In  order  to  have  the  vehicle  under  perfect  control  a  brake 
must  be  able  to  lock  the  driving  wheels  in  a  manner  that  will  en- 
tirely prevent  them  from  rotating,  and  it  should  be  capable  of  per- 
forming this  function  with  minimum  exertion  on  the  part  of  the 
operator. 

Q.     Are  quick  acting  brakes  desirable? 

A.  Quick  acting  brakes,  which  will  stop  the  wheel  rotation 
too  soon,  are  not  desirable  because  these  make  for  rapid  tire  depre- 
ciation.    Most  brakes  are  designed  so  they  can  be  appUed  gradually. 

Q.     How  are  brakes  operated? 

A.  The  service  brakes,  which  are  generally  of  the  external  form> 
re  operated  by  a  pedal  adjacent  to  the  clutch  pedal,  while  the  emer- 
gency brakes,  which  are  usually  of  the  internal  type,  are  brought 
into  action  by  a  hand  lever  mounted  near  the  gearshift  member 
and  carried  on  a  quadrant  and  provided  with  a  latch  so  that  it  cau 
be  locked  in  position. 

Q.     What  is  a  clutch  and  brake  interlock? 

A.  In  some  cars  a  single  pedal  is  used  to  control  both  clutching 
and  braking  functions.  The  pedal  is  only  pushed  about  half  way 
of  its  available  travel  to  release  the  clutch  quickly  and  from  that 
point  to  the  end  of  its  movement  it  will  apply  the  service  brakes. 
Obviously,  it  is  not  possible  to  apply  the  brake  without  first  releas- 
ing the  clutch.  In  some  other  forms  of  cars  the  brake  pedal  is  con- 
nected with  a  mechanical  leverage  so  that  it  cannot  be  moved  with- 
out throwing  out  the  clutch,  though  the  clutch  pedal  may  be  moved 
without  applying  the  brake.  The  clutch  and  brake  interlock  is 
sometimes  obtained  by  the  emergency  brake  lever  and  this  construc- 
tion is  preferred  to  the  foot  brake  and  clutch  interlock. 


LESSON  TWENTY-NINE 
GENERAL  DRIVING  INSTRUCTIONS 

Q.     What  is  the  general  road  rule  of  this  country? 

A.  When  approaching  a  vehicle  coming  from  the  oppoate 
direction  the  rule  is  to  keep  to  the  right  of  the  road  and  to  pass  all 
vehicles  going  in  the  same  direction  on  the  left. 

Q.     How  does  this  differ  from  the  road  rule  of  Europe? 

A.  The  road  rules  of  most  of  the  European  countries  are  just 
the  reverse  to  those  in  vogue  in  America  as  the  vehicle  must  keep 
to  the  left  of  the  road  and  pass  conveyances  going  in  the  same  diree- 
tion  on  the  right. 

Q.  What  is  the  logical  position  for  steering  wheel  and  con- 
trol levers,  and  why? 

A.  In  order  to  conform  to  the  road  rules  of  this  country  the 
logical  position  of  the  steering  wheel  is  at  the  left  side  of  the  car 
and  the  control  levers  should  either  be  at  the  extreme  left  or  in  the 
center  of  the  car. 

Q.    Why  is  right  hand  drive  so  general  in  this  country? 

A.  As  most  of  the  American  automobiles  have  been  derived  and 
adapted  from  European  designs  the  right  hand  location  of  the 
steering  wheel  has  been  preserved  with  other  features  and  while 
this  is  logical  for  the  road  rules  obtaining  in  foreign  countries  it 
is  not  so  well  adapted  to  American  conditions  as  the  left  hand  drive. 

Q.  Why  is  central  location  of  control  levers  desirable  when 
steering  wheel  is  placed  on  left  hand  side? 

A.     As  most  motorists  are  familiar  with  cars  in  which  the  speed 

changing  is  performed  with  the  right  hand  and  as  most  people  use 

their  right  hand  to  better  advantage  than  the  left,  placing  the  conr 

irol  levers  at  the  coiter  of  the  cat  enaJcAa^  Qpafc\»  Vkajcdla  the  steering 
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wheel  to  advantage  if  this  is  at  the  left  and  at  the  same  time  the 
speed  changing  and  emergency  brake  levers  which  are  at  the  center 
of  the  car  can  be  easily  handled  with  the  right  hand  which  would 
also  be  used  for  this  purpose  on   cars  having  right  hand  drive. 

Q.     What  should  a  careful  driver  always  have  in  mind? 

A.  A  careful  motorist  will  always  have  the  safety  of  other  users 
of  the  highway  in  mind  which  means  that  a  car  should  be  driven 
carefully  and  at  moderate  speeds  so  it  is  always  fully  under  the 
control  of  the  operator. 

Q.     Why  is  driving  at  high  speed  undesirable? 

A.  Driving  an  automobile  at  high  rates  of  speed  is  not  a  de- 
sirable practice  because  the  machinery  is  subjected  to  great  stresses 
and  the  parts  are  very  frequently  overloaded  if  a  car  is  driven  near 
its  maximum  speed.  The  mechanism  is  subjected  to  more  wear 
and  the  tires  are  more  susceptible  to  derangement  at  high  speed 
than  at  low  and  moderate  speeds.  When  a  motor  vehicle  is  driven 
fast  it  will  acquire  considerable  momentum  and  it  will  be  very  dif- 
ficult to  stop  promptly  in  case  this  is  desirable,  and  if  a  sudden 
stop  is  made  the  parts  of  the  braking  system  and  the  general  frame 
structure  will  receive  a  sudden  shock  that  is  liable  to  injure  some 
parts. 

Q.     What  is  a  safe  speed  on  good  road  in  thinly  settled  parts? 

A.  An  automobile  may  be  run  at  speeds  ranging  from  25  to 
35  miles  per  hour  under  favorable  conditions  and  still  be  under 
control. 

Q.     How  do  road  conditions  affect  speed? 

A.  It  is  not  desirable  to  drive  a  car  at  high  speed  over  rough 
or  wet  roads  nor  is  it  safe  to  drive  fast  on  a  winding  road  having 
many  curves  or  intersecting  roads.  If  a  car  is  driven  at  high  speed 
over  rough  roads  the  various  chassis  parts  will  be  subjected  to  con- 
siderable stress  and  the  vibration  resulting  will  prove  very  imcom- 
fortable  for  the  passengers. 

Q.     Why  is  careful  driving  in  traffic  imperative? 

A.  It  is  necessary  to  have  a  car  always  imder  perfect  control 
when  driving  through  cities  or  in  settled  communities  because  it 
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is  often  essential  to  make  a  quick  stop  and  the  ability  to  arrest  the 
motion  of  the  vehicle  positively  in  a  few  feet  may  often  be  the  means 
of  averting  an  accident  of  serious  moment. 

Q.    What  is  the  danger  of  fast  driving  on  wet  roads? 

A.  The  traction  or  frictional  adhesion  between  the  tires  and 
wet  road  surfaces  is  very  low  compared  to  that  over  dry  road  sur- 
faces, and  as  the  mud  or  water  acts  as  a  lubricant  the  car  is  likely 
to  skid  if  the  brakes  are  applied,  so  that  control  becomes  erratic. 

Q.  What  parts  of  a  car  need  special  attention  before  starting 
on  a  trip? 

A.  Assuming  that  the  power  plant  is  all  right,  which  condition 
can  be  readily  determined  as  soon  as  the  engine  is  started,  the  points 
that  demand  attention  are  the  steering  system,  the  tires  and  brakes. 
Special  attention  should  be  given  to  the  various  steering  connections 
and  the  brakes  should  always  be  kept  in  proper  adjustment  on 
account  of  the  important  bearing  these  have  on  the  safety  of  the 
car  and  its  occupants. 

Q.     Describe  operations  necessary  to  make  a  gradual  stop. 

A.  The  first  step  in  making  a  gradual  stop  with  any  cax  is  to 
slow  down  the  engine  by  cutting  down  the  supply  of  gas,  throw  out 
the  clutch  when  several  yards  away  from  the  point  where  the  stop 
is  to  be  made  and  apply  the  service  brake  gradually  until  car  speed 
is  retarded  to  the  proper  point. 

Q.     Outline  method  of  making  an  emergency  stop. 

A.  The  method  of  making  an  emergency  or  quick  stop  with  a 
sliding  gear  car  is  clearly  outlined  at  Fig.  264.  The  operator  does 
not  take  time  to  slow  down  the  engine  but  presses  both  pedals 
down  and  applies  the  emergency  brake  hand  lever.  By  pushing 
both  pedals  at  the  same  time  the  clutch  is  released  and  the  service 
brake  applied  simultaneously  and  the  braking  effect  is  further 
augmented  by  the  application  of  the  emergency  brake  lever.  One 
hand  is  kept  on  the  steering  wheel  to  steady  the   car. 

Q.     How  should  any  car  be  started  or  stopped? 

A.  Any  automobile  must  be  started  or  stopped  gradually  in 
order  to  avoid  shock  and  undue  stress  on  the  mechanism. 
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Q,     Is  sudden  acceleration  of  engine  speed  desirable? 

A,  It  is  just  as  important  to  increase  the  engine  speed  by  grad- 
ual movement  of  the  spark  and  throttle  lever  as  it  is  to  engage  the 
dutch  or  apply  brakes  gradually. 

Q.  What  is  the  normal  position  of  spark  lever  on  good  roads, 
md  under  unfavorable  conditions? 

A.  When  running  on  good  roads  the  spark  lever  should  be  ad- 
vanced as  much  as  possible  without  producing  a  knock  in  the  etxig^nQ 
aad  i^>eed  raiiatioaa  obtained  by  throttte  oi  aac^CTaXiat  *iQcta<ik 
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On  bad  roads,  when  climbing  a  grade  or  under  any  other  condi- 
tions that  will  cause  the  engine  to  slow  up,  the  spark  lever  must  be 
retarded  to  such  a  point  that  the  engine  will  not  knock. 

Q.    What  is  necessary  before  changing  gears? 

A.  Before  shifting  the  speed  changing  lever  it  is  necesswy  to 
slow  down  the  engine  and  to  release  the  clutch  by  applying  the 
pedal. 

Q.  What  is  the  best  method  of  negotiating  a  small  strip  of 
unfavorable  highway,  such  as  one  covered  with  crushed  stone? 

A.  The  best  method  of  passing  over  a  short  strip  of  unfavorable 
highway  is  to  gather  just  sufficient  momentum  before  reaching 
the  obstructions  so  the  clutch  may  be  released  and  the  car  coast 
over  the  broken  stone  at  a  slow  speed. 


Neutral  to  Low 


Second  to  HisH 


I  Higher  Speed  Ratio 


Q.  Describe  methods  of  driving  a  car  on  long  stretches  of 
poor  road. 

A.  As  it  is  not  good  practice  to  drive  a  car  at  high  speed  over 
unfavorable  highways  and  as  the  road  resistance  may  be  such  that 
the  full  power  of  the  engine  will  be  needed  it  b  always  well  to  throw 
the  speed  change  lever  in  one  of  the  lower  gear  positions  and  drive 
the  car  on  either  first  or  second  speed  dependmg  upon  the  nature 
of  the  roadway. 
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Q.    What  should  be  done  before  passing  another  vehicle? 

A.  Sufficient  warning,  by  means  of  tbe  bulb  or  electric  hont, 
■hould  always  be  given  before  attempting  to  pass  another  vehicle. 
The  ear  speed  should  always  be  slacked  up  in  passing  a  pedestrian 
or  a  horse  drawn  conveyance  and  sufficient  warning  given  in  order, 
to  prevent  confusion.  If  a  horse  is  restive  and  appears  frightened 
H  is  only  common  courtesy  For  the  motorist  to  pull  up  to  the  side 
(rf  the  road  and  throttle  the  engine  down  low  in  order  to  prevent 
nose  and  avoid  frightening  the  animal. 


High  to  Second 


Second  to  Low 


High  to  Neutral 


Fig.  266.— Method  of  Changing  From  Higber  to  Lower  Speed  Ratio. 

Q.    What  should  be  done  if  another  car  desires  to  pass? 

A.  If  a  suitable  warning  signal  is  heard  signifying  the  car 
lehind  wants  to  pass,  one  should  go  as  far  to  the  right  as  possible 
n  order  to  provide  the  maximum  space  at  the  left  for  the  overtak- 
Dg  vehicle. 

Q.    What  appliance  insures  traction  on  slippery  roads? 

A.  If  tires  of  the  plain  round  tread  are  used,  traction  on  slippery 
oads  will  be  materially  improved  by  using  some  form  of  anti- 
kid  chain  which  may  be  easily  attached  to  the  tire  when  needed 
jid  removed  when  they  have  served  their  purpose. 

Q.    When  should  the  lowest  gear  ratio  be  used? 

A.  The  lowest  gear  ratio  should  always  be  used  ^bft'o.  ^^As^^suit 
hs  emt  OB  m  gntde  cr  when  road  surfaces  are  in  v«rv  v^kr  <£ 
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Q.    When  is  the  intermediate  ratio  desirable? 

A.  The  intermediate  gear  ratios  are  always  used  Y^hen  ccmditiou 
of  operation  are  too  severe  for  the  direct  drive  and  yet  the  reastanee 
is  not  so  great  that  the  low  gear  must  be  used.  The  intermediate 
ratio  will  often  save  the  engine  from  laboring  if  used  on  sandy  or 
muddy  roads  or  when  climbing  gradients.  Better  speed  can  be 
made  on  the  intermediate  ratio  over  imfavorable  road  surfaoee 
than  can  be  attained  with  the  direct  drive. 

Q.  Why  is  the  direct  drive  or  high  speed  the  best  suited 
for  average  conditions? 

A.  When  the  lower  gear  ratios  are  used  considerable  power  is 
absorbed  by  friction  of  the  gears  in  the  change  speed  gearset  whereas 
on  the  high  speed  or  direct  drive  position  practically  the  only  power 
lost  is  at  the  driving  gears  in  the  rear  axle.  The  lower  ratios 
are  also  apt  to  be  noisy  whereas  the  direct  drive  is  more  silent 
When  in  the  direct  drive  position  there  is  practically  no  wear  on 
the  change  speed  gears  and  for  this  reason  it  is  desirable  to  drive 
a  car  by  throttle  control  with  the  high  speed  engaged  as  much  as 
possible. 

Q.  When  climbing  a  grade,  how  does  the  operator  know 
when  to  shift  from  a  higher  to  a  lower  ratio? 

A.  When  climbing  a  grade  with  either  the  low  or  intermediate 
speed  engaged  an  acceleration  of  the  engine  speed  without  a  co^ 
responding  movement  of  the  spark  or  throttle  levers  means  that  the 
resistance  is  lessened  and  that  the  car  will  probably  take  the  grade 
on  a  higher  ratio.  The  method  of  changing  from  a  low  speed  to 
the  direct  drive  with  a  three  speed  selective  gearset  is  clearly  shown 
at  Fig.  265.  The  clutch  pedal  is  depressed  and  the  gear  shift  lever 
is  moved  from  the  low  speed  position  to  the  second  speed  and  the 
clutch  again  re-engaged  to  see  if  the  engine  will  pull  all  right  on  this 
ratio.  If  the  engine  speed  continues  to  accelerate  the  hand  lever 
may  be  pulled  back  from  position  2  to  position  3  which  engages 
the  direct  drive  or  highest  ratio. 

Q.    How  can  the  driver  tell  when  to  shift  from  a  high  to  t 
lower  ratio? 

A.    If  the  engine  begins  to  \aboT  v?\ieii  \SL\Xi^\a.^  ^^«t  »iL^sv»f 
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irig  the  throttle  more  does  not  produce  an  acceleration  of  car  speed 
it  is  an  indication  that  the  resistance  is  becoming  too  great  for  the 
amount  of  power  available  and  that  itis  necessary  to  shift  down 
to  a  lower  ratio.  This  may  be  done  as  indicated  at  Fig.  266. 
First  step  is  to  go  from  the  high  speed  position  to  the  intermediate 
speed  and  if  the  engine  continues  to  labor  on  the  intermediate  speed 
■  the  lowest  gear  ratio  should  be  engaged. 


Neutrml  to   Revcr« 


Low  to  High 


High  to  Low 


Fig.  267.— Showing  Selective  Speed  Changes  on  Overland  Car. 
Q.     Is   it   desirable   to  slip   the   clutch   when  slowing   down 


A.  It  is  not  good  practice  to  slip  the  clutch  to  reduce  car  speed 
because  the  slipping  produces  rapid  wear  of  the  frictional  material 
on  clutches  of  the  cone  type  and  will  produce  wearing  of  the  parts 
and  heating  in  clutches  of  the  plate  and  multiple   disc   patterns. 

Q.  Why  should  clutch  be  disengaged  when  brakes  are 
applied? 

A.  If  brakes  are  applied  without  releasing  the  dutch  the  brak- 
ing members  are  called  upon  not  only  to  arrest  the  car  momentum, 
but  also  to  absorb  the  enpne  power,  which  they  are  not  designed 
to  do. 

Q.  Why  is  it  desirable  to  accelerate  speed  of  car  before 
reaching  an  upgrade? 
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A.  If  road  conditions  axe  favorable  and  a  ear  is  speeded  up 
before  it  reaches  an  up  grade  it  will  acquire  considerable  momentum 
which  will  assist  the  engine  in  overcoming  the  grade  resistance. 

Q.     What  is  the  best  process  of  descending  steep  hills? 

A.  When  descending  a  steep  or  long  hill  it  is  well  to  release 
the  clutch  lever  and  throw  ofif  the  switch  in  order  to  stop  the  engine. 
When  the  bottom  of  the  hill  is  reached  and  before  the  car  speed  hw " 
been  checked  appreciably,  one  can  throw  the  switch  back  in  operative 
position  and  when  the  clutch  is  re-engaged  the  engine  will  start. 
The  advantage  of  coasting  is  that  not  only  is  wear  reduced  apprec- 
iably and  some  fuel  saved  but  the  engine  is  given  a  chance  to  cod 
down  and  the  car  can  be  checked  much  more  easily  if  allowed  to 
descend  a  hill  by  its  own  momentum. 

Q.     How  can  the  engine  be  used  as  a  brake? 

A.  In  event  of  failure  of  the  regular  braking  members  a  decided 
retarding  effect  may  be  obtained  by  placing  the  gearshift  lever  in 
the  low  or  intermediate  speed  position,  throwing  off  the  ignition 
switch  and  applying  the  clutch  so  that  the  rear  wheels  must 
turn  the  engine  against  compression.  This  virtually  turns  the  en- 
gine into  an  air  compressor  and  it  will  absorb  considerable  power. 

Q.  Describe  general  precautions  regarding  lights,  warning 
signals  and  license  hangers  that  will  insure  against  trouble  in 
most  States. 

A.  The  laws  of  most  States  call  for  the  use  of  adequate  brakes^ 
a  suitable  warning  signal,  and  lights  at  night  as  well  as  the  displnf 
of  license  tags  issued  by  that  State  or  home  State  of  the  motorist 
Visiting  motorists  going  from  one  State  to  another  are  not  required 
to  take  out  a  new  license  in  every  State  they  pass  through,  unleof 
they  intend  to  stay  over  ten  days.  The  license  hangers  must  be 
displayed  in  an  easily  seen  location  and  must  be  kept  clean  and 
should  be  so  placed  that  they  will  be  illuminated  after  dark.  Tba 
laws  generally  call  for  a  red  light  in  the  rear  which  will  throw  a 
white  light  on  the  license  number  and  two  white  lights  on  the  front 
of  the  car  which  will  be  easily  discernible  two  hundred  feet  from 
tlie  car. 

Note. — Seo  Appendix  for  Digest,  ol  B\,«A»'^oVstvTi^^\A!fiv 
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OILING  THE  MOTOR  CAR  CHASSIS 

Q.    What  is  the  most  important  part  to  oil  in  the  automobile? 

A.  The  power  plant  is  the  most  important  part  of  the  automo- 
bile chassis  and  in  order  to  obtain  continued  efficient  operation 
without  overheating  or  diminution  of  power  it  is  necessary  to  keep 
all  interior  working  parts  covered  with  a  film  of  oil. 

Q.  What  grade  of  lubricant  is  necessary  for  the  engine,  and 
how  is  it  applied? 

A.  Only  the  best  grade  of  cylinder  oil  should  be  used  to  lubri- 
cate the  internal  combustion  motor  and  the  viscosity  or  body  re- 
quired will  depend  upon  the  individual  requirements  of  the  power 
plant.  Some  engines  have  very  closely  fitting  pistons  and  rings  and 
tightly  adjusted  bearings  which  means  that  a  light  bodied  oil  must 
be  used  in  order  to  form  a  film  between  the  closely  fitting  parts. 
Other  engines  will  operate  better  on  medium  grade  oils,  while  an 
engine  that  has  been  run  for  a  time  so  that  the  working  parts  have 
freed  up  will  require  heavier  bodied  oils  in  order  to  cushion  the 
shock  between  worn  parts. 

In  the  simple  forms  of  constant  level  splash  feed  lubrication  sys- 
tems the  oil  may  be  introduced  through  breather  pipes  in  the  side 
of  the  crank  case,  as  indicated  at  Fig.  268.  In  some  power  plants 
a  mechanical  oiler  having  individual  pump  feed  is  utilized  as  shown 
at  Fig.  269.  In  this  case  in  addition  to  introducing  oil  through 
the  breather  pipes  G  and  K  the  mechanical  oiler  must  be  kept 
filled.  This  lubricator  is  driven  by  an  extension  of  the  pump  shaft 
and  has  independent  adjustments  so  the  amount  of  oil  going  to 
each  cylinder  through  the  individual  leads  may  be  varied  at  will. 
The  screw  A  regulates  the  oil  supply  to  the  rear  cylinder,  B  to  the 
third  cyHnder,  C  to  the  second  cylinder  and  D  to  the  first  cylinder. 
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The  screws  E  and  F  regulate  the  amount  of  oil  supplied  the  timing 
gear  case.  The  breather  pipe  G  is  provided  with  an  eaaOy  remov- 
able cap  and  is  used  as  an  oil  reservoir  filling  tube,  while  the  breathei 
K  which  has  a  non-removable  screen  at  the  top  is  used  only  for  re- 
lieving crank  case  compression. 

In  the  motor  shown  at  Fig.  270  a  sight  indicator  which  ehowt 
the  level  of  oil  in  the  crank  case  gives  notice  when  it  is  necessary 
to  insert  more  lubricant  through  the  oil  filler  opening  at  its  ^de. 
Most  motors  used  to-day  employ  one  of  the  breather  pipes  u  a 


filler  and  as  ttie  oil  is  carried  in  a  sump  integral  with  the  crank  case 
it  is  not  difficult  for  the  lubricant  to  reach  the  container  when  intro- 
duced through  the  crank  case  compression  release  tubes. 

Q.     Does  the  oil  from  the  interior  lubricate  all  parts  of  the 
power  plant? 

A.  The  oil  supplied  to  the  interior  of  the  motor  is  depended  on 
only  to  lubricate  the  parts  contained  in  the  engine  crank  case;  these 
include  the  piston  and  cylinder  walls,  the  piston  rings,  upper  and 
lower  connecting  rod  bearings,  ttiC  maiii  cia^  f^&:^\,  \i«»^'d,^,  the 
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litis  supporting  the  cam  shaft,  the  cams,  the  valve  operating 
gers,  and  in  some  cases,  the  timing  gears.  There  arc  a  number 
Jier  points,  however,  on  the  exterior  of  the  en^ne  that  need 
cation  that  cannot  be  reached  from  the  interior. 
How  are  the  exposed  parts  of  engine  lubricated? 
In  the  engine  shown  at  Fig.  269,  for  example,  there  are  a  num- 
f  exposed  parts  that  need  lubrication  and  that  must  be  supplied 
r  through  the  medium  of  a  hand  oil  can  or  by  grease  cups 


:hed  to  the  points  needing  lubricant.  On  the  top  of  the  engine 
of  the  valve  operating  rocker  arms  is  provided  with  a  small 
q)  at  its  fulcrum  point,  or  bearing  on  which  it  rocks,  so  these 
may  be  oiled  daily.  Some  grease  cups  are  provided  on  the 
apporting  bracket,  the  timing  gear  case  and  the  pump  bearings. 
e  are  also  intended  to  be  screwed  down  one  or  two  t\j.t^^  ^^^x'i 


CSS- 
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Q.    What  parts  of  cooling  system  need  oil? 

A.  The  only  parts  of  the  cooling  system  that  require  lubri- 
cation, other  than  that  obtained  from  the  interior  of  the  engine 
itself,  are  the  bearings  of  the  fan  hub  and  those  of  the  pump. 

Q.  How  are  fan  bearings  lubricated,  and  how  often  should 
lubricant  be  applied? 

A.  As  is  clearly  shown  at  Fig.  270,  a  small  grease  cup  is  screwed 
mto  the  fan  hub  and  a  few  turns  of  this  member  suflSces  to  lubri- 
cate the  fan  properly  for  several  hundred  miles  of  car  service. 

Q,     What  is  the  method  of  lubricating  pump  bearings? 

A.  Bearings  of  the  circulating  pump,  which  are  of  the  plain 
bronze  bushing  type,  need  certain  quantities  of  lubricant  and  this 
is  introduced  through  small  grease  cups  attached  to  the  pump 
casing  which  are  given  a  couple  of  turns  each  two  or  three  hundred 
miles  of  car  service. 

Q.     What  parts  of  ignition  system  need  oil? 

A.  Practically  the  only  points  in  the  igniti  n  system  requiring 
lubrication  are  the  bearings  of  the  magneto  armature  or  the  rotat- 
ing parts  of  a  primary  timer. 

Q.  Describe  lubricant  to  use  in  magneto  and  specify  all  points 
needing  it. 

A.  The  magneto  armatures,  for  the  most  part,  as  well  as  the 
distributor  shafts,  are  supported  on  anti-friction  bearings  of  the 
baU  type,  and  the  mistake  is  often  made  of  applying  too  much 
lubricant.  Most  magnetos  have  three  oil  holes,  one  over  each 
armature  bearing  and  one  communicating  to  the  distributor  shaft 
bearingis.  Three  or  four  drops  of  light  sewing  machine  oil  applied 
to  each  of  these  oil  holes  every  five  hundred  miles  of  car  operation 
is  all  that  is  necessary.  A  few  drops  should  also  be  introduced 
on  the  rubbing  parts  of  the  contact  breaker  at  the  same  time  the 
rest  of  the  device  is  oiled.  If  a  magneto  is  oiled  too  freely,  the  arm- 
ature may  become  oil-soaked  which  will  injure  the  insulation 
and  facilitate  short  circuit.  In  any  event  too  much  oil  will  cause 
serious  trouble  in  the  distributor  or  contact  breaker  by  interfering 
with  proper  electrical  contact  of  the  p\at\ii\ini  pd\\i\.'s»  ^\  ^^vx^c^^s^ 


470 


Questions  and  Answers 


brushes  utilized  to  dose  the  primary  and   secondary'  circuits  re- 
spectively. 

Q.     What  kind  of  lubricant  should  be  used  in  primary  ti 

A.  A  primary  timer  of  the  rolling  contact  form  should  be  lubij 
cated  with  a  few  drops  of  the  same  light  dynamo  oil  or  sewing  mach- 
ine lubricant  that  is  used  in  the  magneto  bearings.  Never 
lubricants  containing  graphite  around  electrical  apparatus. 


n 


Fig.  271.— How  Grease  Cups  Are  Applied  for  Clutch  Lubrication. 
Q,  What  types  of  clutches  need  oil,  and  how  is  it  applied? 
A.  Plate  clutches  of  the  multiple  disc  pattern  are  the  cnly 
types  designed  to  run  in  lubricant  and  for  the  most  part  these  re- 
volve in  a  bath  of  oil.  The  general  rule  is  to  drain  out  the  dutch 
case  every  five  hundred  miles  or  so,  flush  out  with  kerosene  in  order 
to  clear  out  all  sediment  and  then  refill  with  from  one  to  two  quarts 
of  either  a  very  light  machine  oil  or  a  mixture  of  one-half  cylinder 
oil  and  one  half  kerosene.  The  amount  of  oil  supplied,  obviously) 
depends  upon  the  capacity  of  the  clutch  case. 

Q.     Are  there  any  clutches  that  can  be  run  without  oil? 
A.     Practicaily  all  cone  clutches  whether  faced  with  leatber  or 
Jisybestos  and  multiple  disc  c\utc\tea  ol  \,\i&  irj  -^XiAt  Vjv  m* 4«r 
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signed  to  run  without  lubrication.  Applying  oil  to  clutches  of  this 
character  will  reduce  the  friction  adhesion  to  such  a  point  that  they 
will  not  transmit  power. 

Q.    What  parts  of  all  clutches  need  lubrication? 

A.  The  actuating  yoke  and  the  bearings  on  which  the  clutch 
driven  member  revolves  when  it  is  declutched  require  lubrication 
on  all  types  of  clutches.  A  typical  clutch  yoke  assembly  and  the 
points  needing  lubrication  are  outlined  at  Fig.  271. 

Q.  What  is  the  best  lubricant  for  clutch  actuating  yoke  or 
releasing  rolls? 

A.  The  clutch  actuating  yoke,  when  of  the  plain  bearing  type, 
is  oiled  with  a  small  compression  grease  cup  and  the  rolls  carried 
by  the  releasing  yoke  in  some  types  are  also  lubricated  with  grease 
because  this  substance  is  not  apt  to  be  squeezed  out  by  the  pressure 
existing  at  this  bearing  point.  A  grease  cup  also  communicates 
with  the  thrust  and  radial  bearings,  used  to  support  the  clutch 
driven  members. 

Q.     What  points  of  friction  disc  transmission  need  oil? 

A.  The  bearing  points  on  the  cross  shaft  and  on  the  friction  driv- 
ing disc  shaft  are  usually  of  the  anti-friction  type  and  are  packed  in 
grease  and  the  supply  is  renewed  through  small  compression  grease 
cups.  The  path  for  the  sliding  driven  disc  should  also  be  kept  well 
lubricated  with  oil  so  that  this  will  move  freely  from  one  point  to 
another  in  obtaining  speed  changes. 

Q.     Describe  method  of  oiling  planetary  gearsets? 

A.  Planetary  gearsets  are  either  housed  in  a  casing  so  they  re- 
volve in  an  oil  bath  as  in  the  Ford  automobile  or  are  carried  in  oil 
tight  cases  which  may  be  filled  with  a  light  semi-fluid  mineral  oil 
throujgh  a  suitable  filler  plug  in  the  side  of  the  gear  case  as  in  Buick 
cars. 

Q.  What  is  the  common  method  of  lubricating  sliding  gear 
transmission? 

A.  Sliding  gear  transmissions  are  invariably  designed  so  the 
gears  revolve  in  a  mass  of  lubricant  contained  in  the  gear  case. 
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Transmissions  of  this  nature  are  provided  with  a  large  removable 
cover  plate,  as  shown  at  Fig.  272,  and  the  grease  may  be  eaal;  in- 
troduced into  the  gear  case  to  replenish  any  waste  lubricant.  At 
a  rule,  the  transmission  case  does  not  require  attention  more  often 
than  once  in  every  two  thousand  miles  and  at  the  end  of  this  period 


Fig.  272.— T}rpical  Gearcase  VHlh  Cover  Removed  to   Show  Lugo 
Opening  Through  Which  Lubricant  May  Be  Introduced. 

of  operation  it  is  advised  by  many  authorities  that  the  gear  case  be 
thoroughly  cleaned  and  Hushed  with  kerosene  to  remove  all  tracea 
of  the  old  grease  and  any  metallic  particles  that  may  have  been 
dislodged  from  the  gear  teettv.  ftnme  ^ews  are  designed  to  run 
witb  a  moderately  viacovie  gcapbite  ^eaae  -wXaa  (iOiaa  \Kiraa  w. 
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designed  to  operate  in  a  very  heavy  cylinder  oil  such  as  used  in 
gteam  engines. 

Q.  Are  lubricants  containing  cork  or  wood  fibers  desir&.jle  for; 
use  in  gearsets? 

A.  Some  makers  advertise  greases  that  are  guaranteed  to  silence 
ndsy  gearsets.  These  contain  particles  of  cork  or  shreddad  wood 
designed  to  fill  the  space  between  the  worn  gear  teeth  and  cushion 
the  shock  that  oil  or  grease  would  not  be  capable  of  doing  by  it- 
self. These  greases  should  never  be  employed  in  gear  sets  if  eflS- 
cient  oi>eration  is  desired  because  they  not  only  interpose  an  item 
of  serious  frictional  resistance  and  consume  power  but  are  also 
entirely  unsuited  for  the  anti-friction  ball  or  roller  bearings  used 
to  supi>ort  practically  all  change  speed  gear  shafts. 

Q.  Why  are  greases  containing  animal  fats  or  other  organic 
fillers  undesirable  for  motor  car  use? 

A.  Greases  adulterated  with  animal  fats  to  give  them  more 
body  are  unsuited  for  lubricating  the  motor  vehicle  parts  because 
they  become  rancid  after  they  have  been  used  for  a  time  and  they 
liberate  fatty  acids  which  will  injure  the  finished  surfaces  of  the 
gears  and  anti-friction  bearings.  Greases  of  this  nature  gum  up 
very  easily  and  as  they  harden  the  revolving  gears  will  cut  paths 
in  which  they  turn  and  no  lubricant  is  supplied  to  the  gear  ceeth 
though  the  transmission  case  may  be  half  full  of  the  solidified 


Q.     What  points  of  chain  driving  systems  require  lubrication? 

A.  The  chains  are  practically  the  only  parts  requiring 
lubrication  as  the  bearings  of  the  jack-shaft  and  rear  wheels 
are  taken  care  of  by  suitable  grease  cups  or  lubricant  packing 
while  the  sprockets  will  always  receive  suflScient  lubricant  from 
the  chains. 

Q.     Describe  method  of  lubricating  driving  chains. 

A.  Chains  should  never  be  lubricated  by  the  indiscriminate 
application  of  oil  or  grease  to  the  exterior,  as  this  coating  serves 
nerely  to  collect  road  dust  and  grit  which  acts  as  an  abrasive 
Tksterial  to  produce  rapid  depreciation  oi  t\ie  e^iama  ^xA  ^^\<aO&fc\s». 
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The  chains  should  be  removed  every  five  hundred  miles  and  tho^ 
oughly  cleaned  with  kerosene  to  remove  all  accumulated  dirt  and 
especially  to  wash  the  grit  out  from  the  joints  in  the  chain  links. 
After  the  chains  have  been  thoroughly  cleaned  by  being  allowed  to 
soak  for  a  time  in  the  bath  of  kerosene  they  are  removed  and  im- 
mersed in  a  vessel  of  suitable  size  containing  a  mixture  of  min^al 
grease  and  graphite  in  a  semi-fluid  condition  which  has  been  pro- 
duced by  heating.    After  the  lubricant  has  had  ample  opportunity 
to  penetrate  into  all  the  crevices  between  the  chain  links,  roUen 
and  bearing  rivets,  the  chain  is  removed  and  the  surplus  lubri- 
cant wiped  from  the  outside.     The  sprockets  have  been  thoroughly 
cleaned  while  the  chains  have  been  cleaned  or  lubricated  and  the 
chains  can  be  replaced  without  lubricating  the  sprockets. 

Q.     How  are  universal  joints  lubricated? 

A.  Universal  joints  are  generally  encased  in  grease  retcdning 
housings  and  do  not  need  lubrication  oftener  than  every  month, 
or  every  thousand  miles  of  car  service.  The  dirty  grease  is  removed 
by  flushing  out  with  kerosene  and  the  joint  may  be  refilled  with 
transmission  oil  or  light  mineral  grease  depending  on  the  construc- 
tion. Some  universal  joints  are  provided  with  small  compression 
grease  cups  which  may  be  screwed  down  from  time  to  time,  while 
others  mounted  at  the  front  end  of  a  torque  tube  axle  employing 
but  one  universal  joint  are  provided  with  a  separate  oil  lead  from 
a  mechanical  oiler  or  with  a  large  grease  cup  which  lubricates  the 
ball  joint  in  which  the  universal  joint  is  carried  as  well  as  the  parts 
of  the  joint. 

Q.     Describe  rear  axle  points  needing  lubrication  and  outline 

the  lubricants  to  use. 

A.  There  are  a  number  of  points  in  the  rear  construction  that 
require  lubrication,  these  being  clearly  shown  at  Fig.  273.  The 
differential  assembly  and  the  driving  gears  as  well  as  the  bearings 
supporting  these  members  are  designed  to  operate  in  a  constant  bath 
of  lubricant  carried  in  the  differential  gear-case.  The  wheels  re- 
volve on  bearings  of  the  anti-friction  type  and  these  are  also  contain- 
ed In  grease  retaining,  dust  exdudiw^  \iousvn^.  The  brake  actu- 
ating  rod  bearings  and  the  vanoua  mvxiQiT  \Qfli\a^  ^m^  «&'CQfe\^j^x&r 
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ing  spring  chairs  or  seats  and  the  various  yoke  and  lever  conn^oni.l 
can  be  oiled  from  a  hand  oiler  from  time  to  time. 

Q.     How  often  should  differential  and  driving  gear  assembly 
be  greased? 

A.  The  rear  axle  differential  casing  should  be  drained  thor- 
oughly of  all  lubricant  and  flushed  out  with  kerosene  every  thousand 
miles.  Some  differential  assemblies  use  a  mixture  of  transmission 
oil  and  cylinder  oil,  others  use  light  graphite  grease,  and  in  any 
event,  enough  lubricant  should  be  placed  in  the  case  so  it  will  reach 
nearly  to  the  under  portion  of  the  driving  shaft.  A  heavier  lubri- 
cant is  needed  in  hot  weather  than  during  the  winter  months  when  ] 
a  mixture  of  half  cylinder  oil  and  half  transmission  oil  is  recom-  \ 
mended. 

Q.     How  often  are  wheels  lubricated? 

A.  The  wheel  bearings  are  taken  down,  cleaned  and  repacked 
with  Ught  mineral  or  graphite  grease  every  thousand  nplles. 

Q.  What  points  on  the  front  axle  need  greasing,  and  how 
often? 

A.  The  principal  points  of  the  front  axle  that  need  frequent 
attention  are  the  small  oilers  or  grease  cups  provided  on  the  steer* 
ing  knuckle  bolts  and  on  the  steering  connections.  The  whed 
bearings,  which  are  contained  in  a  grease  tight  hub,  are  packed  in 
lubricant,  the  supply  of  which  is  renewed  after  the  hub  interior 
has  been  thoroughly  cleaned  out  every  thousand  miles.  A  typical 
front  hub  assembly  mounted  on  taper  roller  bearings  is  deariy 
outlined  at  Fig.  274,  which  also  shows  the  grease  cups  carried  ott 
the  end  of  the  steering  spindle  bolt  which  supplies  lubricant  to  the 
roller  bearings  that  take  the  weight  of  the  car  and  make  for  easy 
steering. 

Q.    Where  are  steering  gears  lubricated? 

A.     Practically  all  steering  gears  have  enclosed  reduction  gears 
and  these  are  lubricated  by  a  grease  packing  which  need  not  be  re- 
newed except  during  the  yearly  overhauling.    When  the  steering 
tube  to  which  the  wheel  is  attached  passes  through  an  outer  casingt 
it  18  necessary  to  put  a  few  drops  ol  o\V  Vnto  tVda  caAin^  ievery  week 
fe  order  to  prevent  rusting  and  stvcJkm^  ol  oi^a  Vjvifcfe  \u»^  A  ^6Mfc 


Oiling  the  Automobile 


//'//M//?  Urease. 


■._^  The  motor  control  rods  also  pass  through  the  interior 
VFhite  no  provision  is  made  for  lubricating  these  as  a  rule  it  is 
practice  to  loosen  the  connections  at  their  lower  end  and  lift 
,  out  of  the  steering  tube  far  enough  to  permit  of  oil  being  in- 
iced.  This  need  not  be  done  oftener  than  two  or  three  times 
laon. 

What  frame  parts  need  oil,  and  how  often? 
There  are  a  multitude  of  small  points  ot  min.oc  iax^ott^^a^Qft 
i8»  that  require  /ubrication  in  order  \f>  ptev^'oX.  \]xi^\'a^'^ 
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depreciation.  Among  these  may  be  mentioned  the  clutch  and  brake 
pedal  supporting  shaft,  the  control  lever  shafts  and  the  bearings  for 
these  members;  the  ends  of  the  radius  rod  or  torque  tube,  the  var- 
ious minor  joints  or  yoke  connections  at  the  end  of  the  spark  and 
throttle  lever  members  and  the  brake  rods  and  other  moving  points 
where  no  regular  provision  is  made  for  lubrication.  These  points 
should  be  gone  over  every  two  hundred  and  fifty  or  three  himdred 
miles  with  a  hand  oil  can  containing  heavy  oil. 

Q.    Why  should  control  lever  tubes  and  bearings  be  oiled? 

A.  While  the  gear  shift  and  emergency  brake  levers  have  only 
an  oscillating  movement  and  in  the  case  of  the  selective  transmission 
the  gear  shift  lever  may  have  a  sidewise  motion,  it  is  necessary  to 
oil  these  regularly  because  the  control  tubes  may  become  rusted. 
As  the  shaft  and  tube  for  the  emergency  brake  and  gearshift  lever 
are  usually  mounted  one  inside  of  the  other,  any  deposit  of  rust 
will  cause  binding  and  will  interfere  with  gear  shifting  or  brake 
application.  The  same  reason  applies  for  lubricating  the  clutch 
and  brake  operating  pedal. 

Q.  Describe  lubrication  of  springs  and  outline  best  method  of 
introducing  oil  between  the  spring  leaves. 

A.  The  spring  shackles  of  practically  all  cars,  even  those  of  the 
cheaper  runabouts,  are  provided  with  oil  holes  or  small  grease  cups 
through  which  lubricant  may  be  introduced  at  the  bearing  points 
between  the  spring  eye  and  the  shackle  bolt.  About  once  or  twice 
a  season  it  is  good  practice  to  introduce  oil  between  the  spring  leaves 
in  order  that  these  members  shall  slide  over  each  other  freely  which 
reduces  the  tendency  to  squeak,  as  well  as  improving  spring  flex- 
ibility. There  are  two  methods  of  separating  the  spring  leaves 
without  actually  taking  the  spring  apart.  One  of  these  is  to  jack 
up  the  car  by  placing  the  weight  raising  jacks  under  the  frame 
members  so  that  the  car  weight  will  be  taken  off  of  the  axle  and 
springs.  After  the  frame  has  been  raised  to  the  required  height 
so  the  wheels  clear  the  ground  the  weight  of  the  axle  construction 
will  tend  to  separate  the  leaves  of  the  springs  slightly  and  graphite 
ifrease  may  be  introduced  between  them  with  a  thin  piece  of  sheet 
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8  or  steel  or  the  oil  may  be  squirted  in  from  the  hand  oil  can. 
best  method  of  introducing  oil  is  by  using  a  simple  fixture, 
utlined  at  Fig.  275-A,  This  has  two  points,  one  of  which  is 
I,  while  the  other  is  sUdably  mounted  on  a  rod  forming  the  back- 
:  of  the  device.  A  threaded  screw  provided  with  a  T  handle 
apted  to  bring  the  points  together  and  as  considerable  pressure 
be  exerted  on  the  thread  of  the  screw  it  is  possible  to  spread  the 
g  leaves  and  introduce  oil  as  shown  at  B  without  jacking 
he  car. 


What  parts  of  a  car  should  be  kept  free  from  oil  or  grease 
U  times? 

Among  the  parts  of  the  car  that  should  be  kept  free  from  ex- 
ve  acciUDulations  of  oil  or  grease  may  be  mentiont-d  the  spark 
i  and  magneto  of  the  ignition  system,  all  electrical  wiring,  the 
•h  when  of  the  cone  or  dry  plate  type,  the  brake's  awd  IW  Iwija,. 
tUI  rot  rubber  rapidiy  a.ad  any  grease  ttIO'«Il.OIvWvli^;w^;^^x*s^a 
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the  axle  should  be  wiped  oflf  immediately  when  discovered  in  order 
to  prevent  deterioration  o  the  casing  The  same  applies  to  the 
rubber  insulation  of  the  electric  wiring. 

Q.  How  can  one  tell  if  there  is  too  much  oil  in  the  engine, 
and  what  is  its  effect? 

A.  Overlubrication  of  the  motor  is  apt  to  produce  carbon 
deposits  and  overheating  because  of  these  accumulations  in  the 
combustion  chamber  and  also  results  in  loss  of  power  on  account  of 
the  carbon  deposits  which  may  gum  up  the  piston  rings  or  the  valves. 
If  too  much  lubricating  oil  is  supplied  the  engine  the  exhaust  gas 
will  be  bluish  white  in  color,  and  the  amount  of  surplus  oil  is  readily 
indicated  by  the  density  of  the  smoke.  A  light  smoke  when  the 
engine  is  speeded  up  is  not  necessarily  a  sign  of  overlubrication 
and  some  closely  fitted  engines,  especially  those  of  the  sleeve  valve 
type,  require  to  be  copiously  lubricated  at  all  times. 

Q.  What  are  the  indications  of  not  enough  oil  in  the  power 
plant? 

A.  If  the  engine  seems  to  lose  power  and  overheat  and  the 
trouble  is  not  due  to  defective  carburetion  or  cooling  one  should 
suspect  that  the  engine  is  not  receiving  lubricant  enough.  The 
indications  of  lack  of  lubricant  are  so  pronounced  that  they  are 
readily  recognized  by  even  the  novice  and  it  is  only  in  cases  of 
extreme  carelessness  that  the  engine  may  get  dry  enough  to  indicate 
its  distress  by  squeaking  or  grinding  noises. 

Q.  What  is  the  result  if  an  excessive  amount  of  grease  is 
supplied  to  the  gearcase  or  the  rear  axle? 

A.  Too  much  grease  in  the  transmission  or  differential  case  is 
apt  to  be  evidenced  by  leaking  at  the  bearing  points.  This  is  es- 
pecially  noticeable  in  rear  axles  on  account  of  the  diflSculty  of  hav- 
ing these  members  absolutely  oil  tight  and  still  be  free  rimning. 
If  too  much  grease  is  supplied  to  the  differential  case  it  is  apt  to 
run  along  the  drive  axles  or  shafts  and  escapes  from  the  end  of  the 
axle  into  the  brake  drums  from  which  point  it  is  thrown  around 
on  the  tire.  This  grease  accumulation  also  interferes  with  the  action 
of  internal  brakes. 
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Q.    What  is  the  basic  rule  to  observe  to  secure  efficient  lubri« 
cation? 

A.  First  of  all,  the  motorist  must  be  prepared  to  buy  and  use 
only  the  best  oils  and  greases,  especially  for  motor  lubricatioiL 
This  assurance  is  obtained  by  buying  the  product  of  only  reput- 
able manufacturers  of  lubricants  and  paying  enough  for  them  to 
procure  material  of  the  proper  quality.  The  instructions  given 
by  most  makers  of  cars  for  lubrication  should  be  followed  to  the 
letter  and  the  greases,  recommended  by  them  should  be  used  io 
preference  to  those  the  motorist  might  select  for  himself.  A  com- 
prehensive lubrication  chart  showing  the  important  points  demand- 
ing lubrication  on  a  Chalmers  chassis  is  clearly  outlined  at  Fig, 
276  while  the  lubrication  chart  prepared  by  the  engineers  of  tM 
Overland  Company  is  presented  in  the  form  of  a  folding  platei 
Fig.  276a. 

The  schedule  of  lubrication  appended  applies  to  the  Chalmen 
chassis  but  as  this  is  typical  of  standard  design  the  instruction! 
given  can  be  followed  to  advantage  in  other  cars  of  similar  con- 
struction. 

EVERY  DAY  CAR  IS  IN  USE,  OR  EVERY  100  MILES. 


PART 

QUANTITY 

LUBRICANT 

Crank  case 

Steering  knuckle 
Steering  knuckle  grease 

Keep  oil  at  level  of  top 

try  cock. 
One  complete  turn. 
One  complete  turn. 

Motor  oil. 

Cup  grease. 
Cup  grease 

cups. 
Steering  cross  rod 

One  complete  turn. 

Cup  grease. 

grease  cups. 
All  spring  bolt  grease 

Two  complete  turns. 

Cup  grease. 

cups. 
Eccentric  bushing. 
Wheel  hub  oilers. 

10  or  15  drops. 
10  drops. 

Motor  oil. 
Motor  oil. 

••WICE  A  WEEK,  OR  ABOUT  EVERY  200  MILES. 

PART  QUANTITY  LUBRICANT 

Fan  huh  bearing.  Few  drops.  Motor  oil. 


Pump  shaft  grease  cup.    Two  comp\e\A  \AXxii&, 
Rocker  arms.  Tliorou^^A^ . 


Fme.  a76A. — Lubncaxum  Chaxt.  For  OtkIm 


i«  Used  A»  M  Quide  tor  SitnUat  X>c«icd». 


\ 
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PART 

QUANTITY 

LUBRICANT 

\g  gear  case  oiler. 

Fill. 

Motor  oil. 

ig  gear  case 

Two  complete  turns. 

Cup  grease. 

secup. 

ig  wheel  oil  hole. 

8  or  10  drops. 

Motor  oil. 

\g  coluTnn. 

10  or  15  drops. 

Motor  oil. 

urter  distributor 

One  complete  turn. 

Cup  grease. 

se  cup. 

EEK.  OR  ABOUT  EVERY  300  MILES. 

PART 

QUANTITY 

LUBRICANT 

ig  crank  bearing. 

10  drops. 

Motor  oil. 

^alve  covers. 

Tablespoon. 

Motor  oil. 

and  throttle 

ts. 

>1  bracket  bear- 

Few  drops. 

Motor  oil. 

Thoroughly. 

Motor  oil. 

nission  case. 

Enough  to  cover  lower 

600  "W"   stea.m 

shaft. 

cylinder  oil. 

casing. 

Should  contain  1  quart 

One-half  motor  oil 

to  3  pints. 

one-half  kerosene 

fulcrum  pin. 

Thoroughly. 

Motor  oil. 

pull  rods  and 

Thoroughly. 

Motor  oil. 

Lections. 

urter  pump. 

2  ounces. 

600  "W"   steam 
cylinder  oil. 

cross  rod  grease 

Two  complete  turns. 

Cup   grease. 

• 

>  frame.) 

)  rod  grease  cups 

Two  complete  turns. 

Cup  grease. 

b  and  rear. 

shafts  on  rear 

3ls. 

pring  perch 

.  Thoroughly. 

Motor  oil. 

Two  complete  turns. 

Cup  grease. 

3e  cups. 

* 

!dONTH,  OR  EVERY  500  MILES. 

PART 

QUANTITY 

LUBRICANT 

to    bearings 

3  or  4  drops  each. 

High  grade  light 

1  holes). 

machine  oil. 

case. 

Drain,  flush  with  kero- 

One-half motor  oil 

sene,  refill  with  1 

oii^\v«\\   \aT^ 

Quart  to  3  pints. 

a«Q<b. 
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EVERY  MONTH,  OR  EVERY  1,000  MILES. 


PART 

QUANTITY 

LUBKIGANT    ^ 

Crank  case. 

Drain    off    dirty 

oil. 

Motor  oiL              .^ 

clean  oil  screen, 

fill 

1 

to  level  of  top 

try 

J 

cock. 

1 

Gear  shifting  rod  ease. 

Pack  thoroughly. 

Cup  grease.            1 

Reach  rod  boots. 

Pack  thoroughly. 

Cup  grease.             ] 

Spring  leaves  (jack  up 

Thoroughly. 

Graphite  grease.       1 

frame  and  pry  leaves 

J 

apart). 

1 

Hub  caps. 

Pack  thoroughly. 

Cup  grease.             ] 

Universal  joints. 

Remove    grease    1 

[lole 

Cup  grease.             | 

plug  and  fill. 

■ 

Gasoline  pressure  hand 

4  or  5  drops. 

Light  machine  ofl. 

pump. 

EVERY  2,000  MILES. 

PART 

QUANTITY 

LUBRICANT 

Differential  housing. 

3  pints. 

A  mixture  of  two- 
thirds  grease  aod 
one-third  motor 
oil. 

Transmission  case. 

Drain  thoroughly, 

600  "W"  steam 

flush  with  kerosene. 

cylinder  oiL 

refill  to  cover  lower 

shaft. 

DYNAMO  SHOULD  BE  LUBRICATED  EVERY  5,000  MILES. 

When  Changing  Tires 

Put  a  few  drops  of  oil  inside  sliding  ring  of  demountable  rims  to  insoM 
easy  detaching. 

Another  very  comprehensive  lubrication  schedule  has  been  pre- 
pared by  the  Packard  engineers  for  users  of  their  product  and  at 
this  gives  very  definite  instructions  regarding  the  lubricatioii  of 
various  chassis  parts  it  is  also  presented  for  the  reader's  infonnatioQ 
as  much  of  the  advice  can  be  applied  with  equal  advantage  to  otiur 
motor  cars. 

EVERY  DAY  CAR  IS  IN  USE,  OR  EVERY  150  MILES. 

WJih  cylinder  oil. 

Steering  knuckle  bolt  oileire •^^^'^ 
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With  graphite  grease. 

Motor  dutch  shifter  bearing  sleeve  grease  cup  Two  complete  turns. 

Motor  clutch  shifter  shaft  grease  cup One  complete  turn. 

Steering  connecting  rod  and  cross  tube  grease 

cups.     One  complete  turn. 

Spring  bolt  grease  cups One  complete  turn. 

EVERY  WEEK,  OR  EVERY  300  MILES. 

With  cylinder  oil. 

Motor  starting  crank  bearing Eight  or  ten  drops. 

Shock  absorber  bearing  studs Thoroughly. 

Rear  axle  truss  rod  forward  connection Thoroughly. 

Rear  axle  brace  oilers Thoroughly. 

With  graphite  grease. 

Motor  fan  bearing  grease  cup Two  complete  turns. 

Rear  axle  outside  bearing  grease  cups One  complete  turn. 

TWICE  A  MONTH,  OR  EVERY  500  MILES. 

With  cylinder  oil. 

Motor  generator  oil  holes Ten  drops. 

Spark  and  throttle  adjusting  clevis  joints ....  Thoroughly. 

Motor  accelerator  pedal  joints Thoroughly. 

All  brake  adjusting  clevises Thoroughly. 

Extems^  and  internal  brake  fittings  and  con- 
nections   Thoroughly. 

Hand  brake  cam  oiler Thoroughly. 

Hand  brake  lever  ratchet Thoroughly. 

Foot  brake  pedal  bearing Thoroughly. 

With  graphite  grease. 

Motor  clutch  pedal  shaft  grease  cup One  complete  turn. 

Steering  gear  case  grease  cups Two  complete  turns. 

With  cylinder  oil  and  kerosene. 

Change  speed  lever  shaft  bearings .Thoroughly. 

Intermediate  brake  lever  shaft  and  connec- 
tions  Thoroughly. 

With  vaseline. 

Motor  generator  grease  tube. 

EVERY  MONTH,  OR  EVERY  1,000  MILES. 

With  cyUnder  oU. 

Change  speed  reversing  bell  crank  oiler Fill. 

Crank  case Drain  off  dirty  oil,  flush 

with  kerosene  and  fill  to 
pet  oook  level. 
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Magneto  bearing  oil  wells Few  drops. 

Motor  front  gear  compartment Drain  thoroughly. 

With  graphite  grease. 

Front  wheel  beasrings Clean  with  kerosene 

repack. 

Motor  generator  and  magneto  shaft  univer- 
sal joints Oil  thoroughly. 

Rear  universal  joint Remove  grease  hole 

and  M  with  grease  i 

Front  wheel  hub  caps Pack. 

Motor  water  pump  shaft  universal  joints Thoroughly. 

With  gasoline. 

Motor  carburetor  air  valve  stem Clean    thoroughly, 

not  oil. 
With  transmission  oil. 

Front   universal   joint Draiii   thoroughly, 

(Half  cylinder  oil  and  half  transmission  with  kerosene  uk 

oil  in  cold  weather.)  pet  cock  level. 

Rear   axle   case Drain   thoroughly 

(Half  cylinder  oil  and  half  transmission  with  kerosene  am 

oil  in  cold  weather. )  level  of  two  bras 

in  under  side  of  h 

Rear  axle  transmission  case Drain    thoroughly 

(Half  cylinder  oil  and  half  transmission  with  kerosene  tat 

oil  in  cold  weather.)  level    of    buttoi 

screw  in  front  o 
ONCE  A  SEASON. 

With  graphite  grease 

Spring  leaves Jack  up  frame  to  m 

leaves,  clean  and 
cate    thoroughly, 
peat    whenever 
squeak. 


LESSON  THIRTY-ONE 
ROAD  TROUBLES  AND  THEIR  SYMPTOMS 

Q.    In  case  of  a  sudden  vehicle  stop  what  should  be  suspected? 

A.  The  general  cause  of  a  sudden  motor  car  stop  is  either  fail- 
\ire  of  the  gasoline  supply  or  of  the  ignition  system.  If  the  stop 
comes  without  warning,  i.  e.,  if  the  motor  suddenly  dies  down,  the 
first  point  to  look  at  will  be  to  see  if  there  is  any  fuel  in  the  gasoline 
tank  and  to  look  over  the  ignition  system  for  broken  wires.  With 
battery  ignition  systems  the  breaking  of  a  wire  anywhere  in  the 
primary  circuit  will  pub  the  ignition  system  out  of  commission. 
With  a  transformer  coil  magneto  system  the  failure  of  a  single  pri^ 
nary  wire  will  also  produce  the  same  efifect.  In  a  true  high  tension 
nagneto,  about  the  only  thing  that  will  cause  the  motor  to  stop 
niddenly  will  be  a  premature  short  circuit  of  the  regular  ground 
inre  leading  from  the  magneto  to  the  shut-ofif  switch. 

If  there  seems  to  be  enough  gasoline  in  the  tank  ,the  trouble  is 
due  to  either  a  broken  or  blocked  up  feed  pipe  or  the  gasoUne 
Bhut-oflf  pet  cock  at  the  tank  may  have  jarred  closed.  A  particle 
of  dirt  in  the  spray  nozzle  or  the  filter  at  the  tank  being  filled  en- 
tirely with  dirt  or  water  will  also  prevent  gasoline  reaching  the 
eylinder.  Sometimes  the  screen  interposed  in  the  pipe  line  to 
keep  dirt  out  of  the  carburetor  becomes  clogged  with  lint  or  other 
matter  of  this  natm'e  and  prevents  the  gasoline  from  flowing. 

Q.     How  can  one  tell  if  ignition  system  is  at  fault? 

A.  The  simplest  method  to  ascertain  if  the  trouble  is  due  to  the 
ignition  system  is  to  take  the  spark  plugs  out  of  the  cylinders  and 
keeping  them  connected  up  with  their  respective  wires  to  see  if 
a  spark  will  pass  between  the  points  when  the  plugs  are  laid  on  the 
3ylinder  head  and  the  motor  cranked  over.  If  sparks  jump  the 
jap  between  the  points  of  the  plugs  the  trouble  is  liot  d\i<&\><^\^;;^vsck.« 
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Q.  What  steps  are  necessary  to  find  out  if  fuel  supply  systoij 
is  responsible  for  the  stop? 

A.  The  amount  of  gasoline  in  the  tank  may  be  easily  ascertunedi 
by  inspection  and  if  there  seems  to  be  enough  the  next  tiling  to  do 
is  to  uncouple  the  gasoline  pipe  at  the  carburetor  after  shutting 
oflf  the  valve  at  the  bottom  of  the  tank  and  then  to  note  if  a  stream  of 
fuel  the  full  size  of  the  orifice  issues  from  the  pipe  when  the  gaso- 
Une  shut-oflf  valve  is  again  open.  If  the  gasoline  does  not  flow  it 
indicates  that  the  pipe  is  stopped  up.  If  the  gasoline  seems  to  be 
reaching  the  carburetor  in  proper  quantities,  the  next  point  is  to  see 
if  the  spray  nozzle  is  clogged  up.  A  little  gasoline  is  injected  into 
the  cylinders  through  the  spark  plug  holes  or  the  compression  re- 
lief pet  cocks  and  the  motor  is  cranked  over  with  a  switch  in  place. 
If  the  motor  starts  and  runs  for  a  few  revolutions  it  may  be  taken 
as  an  indication  that  even  though  the  gasoline  reaches  the  carbiu^ 
etor  it  does^  not  reach  the  cylinders  and  the  only  defect  that  will 
prevent  the  gasoline  from  going  into  the  mixing  chamber  is  either 
dirt  in  the  spray  nozzle  or  in  the  passage  between  the  spray  nozzle 
and  the  float  chamber.  With  carburetors  of  the  adjustable  spray 
nozzle  type,  dirt  may  often  be  cleared  from  the  spray  nozde  by 
screwing  the  gasoline  regulating  needle  valve  to  its  seat  and  then 
returning  it  to  its  running  position.  If  that  fails  to  clear  the  stand 
pipe  the  carburetor  must  be  taken  apart  and  thoroughly  cleaned. 

Q.    Do  oil  or  water  systems  fail  without  warning? 

A.  The  lubricating  or  cooling  systems  are  not  apt  to  fjul  sud- 
denly and  motor  stoppages  due  to  either  defective  cooling  or  lubri- 
cation are  rare  because  a  failure  in  either  of  these  groups  will  make 
itself  evident  some  time  before  a  motor  actually  stops  because  it 
has  overheated  or  the  parts  seized  through  lack  of  lubrication. 

Q.  What  should  be  looked  for  if  an  engine  has  no  power  but 
is  running  steadily? 

A.  If  an  engine  is  slowing  down  gradually  and  yet  continues 
to  explode  regularly,  this  indicates  either  faulty  lubricatioQ  or 
cooling. 

Q.     What  should  be  looked  lot  \i  tii^e  loses  power  became 
of  misSring? 
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A.  If  an  engine  loses  power  on  account  of  irregular  operation 
or  lack  of  regular  sequence  of  explosions  a  niunber  of  defective 
conditions  in  carburetion,  ignition  or  in  the  mechanism  of  the  motor 
itself  may  be  responsible  for  the  faulty  operation.  These  troubles 
are  considered  at  length  in  the  next  lesson. 

Q.    What  would  cause  a  sudden  knocking  noise? 

A.  A  sudden  knocking  or  pounding  noise  from  the  interior 
of  the  motor  usually  indicates  a  loose  or  broken  part. 

Q.    What  would  cause  a  gradually  increasing  knock? 

A.  If  a  motor  is  overheating  because  of  faulty  cooling  or  insuffi- 
cient lubrication  this  condition  will  be  evidenced  by  a  knock  or 
pound  which  will  increase  as  the  motor  gets  hotter.  A  gradually 
increasing  knock  is  also  sometimes  caused  by  driving  up  an  incline 
with  the  spark  lever  too  far  advanced. 

Q.     What  parts  of  power  plant  produce  knocking? 

A.  Worn  or  loose  bearings  on  the  crank  sha!^ts  or  connecting 
rods  are  the  usual  causes  of  knocking.  Carbon  deposits  in  the 
combustion  chamber  also  cause  preignition,  which  is  evidenced 
by  pounding. 

Q.     What  does  a  loud  squeak  indicate? 

A.  A  loud  squeak  is  usually  produced  by  a  dry  bearing  and  the 
car  should  be  stopped  as  soon  as  a  noise  of  this  nature  is  heard 
and  a  search  made  to  locate  the  cause. 

Q.     What  does  a  loud  hissing  noise  indicate? 

A.  A  hissing  noise  shows  a  leak  in  the  combustion  chamber 
and  is  sometimes  caused  by  a  cracked  or  broken  spark  plug  porce- 
lain, a  loose  insulator  in  a  spark  plug,  or  a  compression  relief  pet 
cock  has  either  jarred  open  or  the  small  spigot  member  or  plug 
has  dropped  out  of  its  center  allowing  the  gases  under  pressure  to 
escape. 

Q.     What  does  a  noisy  exhaust  show? 

A.     A  noisy  exhaust  shows  a  leak  around  the  exhaust  manifold 
or  a  disconnected  muffler  pipe  if  the  cut-out  valve  is  not  open. 
Q.    What  does  steam  coming  out  of  the  radiator  indicate? 

A.     If  a  radiator  is  steaming  it  indicates  that  the  motor  is  over- 
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heating.     This  may  be  due  to  lack  of  water  in  the  cooling  systemj 
or  to  defective  lubrication. 

Q.     Is  steam  always  a  sign  of  serious  trouble? 

A.  Steam  from  the  radiator  does  not  necessarily  indicate  seriooi 
trouble  because  if  the  motor  has  been  run  continuously  for  some 
time  on  one  of  the  lower  gear  ratios  as  in  hill  climbing  it  may  heat 
up  enough  to  cause  the  water  to  boil  and  no  serious  injury  will  result 
if  the  supply  of  water  in  the  radiator  is  augmented  with  coder 
water.  Driving  on  a  retarded  spark  will  also  cause  the  radiator  to 
steam  as  will  a  broken  fan  belt  or  excessively  rich  mixture. 

Q.     What  does  a  rattling  noise  indicate? 

A.  A  rattling  soimd  is  generally  produced  by  some  loose  part 
of  the  chassis,  which  has  become  partially  free  of  its  restraining 
bolts  or  fastenings  but  which  is  still  in  place  because  it  is  held  by 
some  other  member.  Rattling  noises  are  generally  caused  by  loose 
mud  guards,  brakes  or  various  operating  rods  extending  from  the 
operating  levers  or  pedals  to  the  parts  they  actuate. 

Q.  Suppose  the  car  stops  and  the  rear  wheels  do  not  turn, 
but  the  motor  continues  to  run  and  the  gear  shift  lever  is  in  its 
proper  position,  .what  should  be  looked  for? 

A.  The  first  thing  to  see  is  that  the  clutch  is  not  slipping  as  very 
often  the  interlock  between  one  of  the  brake  levers  and  the  clutch 
shifter  will  hold  the  clutch  out  of  engagement  if  the  brake  lever  is 
only  partially  applied  or  if  adjustments  have  just  been  made.  The 
clutch  may  be  engaged  properly  but  yet  the  connection  between 
the  clutch  and  the  gearset  may  be  broken.  The  gear  lever  may  be 
in  operative  position  but  a  pin  may  have  sheared  off  so  that  the 
gears  in  the  transmission  case  always  remain  in  neutral  position 
and  do  not  shift  or  change  positions  when  the  speed  lever  is  moved. 

Q.  Suppose  the  motor  operates  correctly  and  the  gears  in 
the  gearset  are  turning,  but  the  car  does  not  move,  where  is 
the  trouble  apt  to  be? 

A.     Under  the  conditions  stated  the  defect  would  exist  in  the 
driving  mechanism  at  some  point,    k  ^yel  ot  dfvNYCL%V^  T&aK^  Vasi^ 
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ilieared  oflF  in  the  universal  joint  or  bevel  drive  pinion  or  the  propel- 
er  shaft  may  have  become  broken.  The  adjustment  of  the  bearings 
lidding  the  differential  case  may  have  loosened  up  so  the  ring  gear 
las  moved  over  out  of  engagement  with  the  driving  pinion.  The 
rivets  or  bolts  holding  the  ring  gear  to  the  differential  case  may  have 
ilieared  off  so  that  the  gear  is  tm'ning  without  producing  movement 
af  the  differential  casing.  One  of  the  driving  shafts  may  have 
broken  in  the  axle  housing  between  the  differential  and  the  wheel 
hub  or  a  hub  cap  on  a  full  floating  hub  may  have  come  off  and 
allowed  the  driving  shaft  clutch  to  come  out  of  engagement  with 
the  corresponding  member  on  the  hub.  The  troubles  enumerated 
are  imcommon,  however,  though  they  have  occurred  often  enough 
to  warrant  suspicion  if  the  condition  outlined  should  materialize. 
Q.  Suppose  the  car  does  not  run  freely  down  hill  with  the 
power  shut  off  and  the  clutch  released,  what  is  the  trouble? 

A.  This  may  be  taken  as  an  indicatioi  of  binding  or  imdue 
friction  in  the  wheels  or  driving  system.  The  most  common  cause 
is  binding  brakes  because  they  are  adjusted  too  tightly. 

Q.  What  is  the  trouble  when  a  car  jumps  or  runs  in  irregular 
spurts? 

A.  This  trouble  is  often  caused  by  the  motor  running  unstead-^ 
ily  or  misfiring  and  then  running  on  all  cylinders  for  a  time  relax* 
mg  again  into  the  condition  of  irregular  operation  where  only  part 
of  the  cylinders  are  working.  If  the  engine  is  running  steadily 
this  jumping  may  be  due  to  a  partially  slipping  clutch  which  trans- 
mits the  power  correctly  at  times  and  does  not  take  hold  properly 
at  other  times. 

Q.     What  should  be  looked  for  if  gears  do  not  shift  well? 

A.  If  trouble  is  experienced  in  shifting  gears  one  should  examine 
the  clutch  to  see  if  this  member  releases  promptly  and  does  not 
spin.  Sometimes  the  gear  teeth  may  have  become  burred  and  will 
aot  engage  properly  or  the  defect  may  be  due  to  wear  or  binding 
in  the  connection  between  the  gear  shift  lever  and  the  sliding  gear 
actuating  fork. 

Q.     What  is  the  reason  when  a  car  does  not  stop  promptly? 
As    If  A  car  does  not  stop  within  a  reasona\A^  \Amfc  ^\iist  *<^ 
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clutch  lever  is  released  and  the  brake  applied  it  signifies  that  the 
brakes  are  not  holding  as  well  as  they  should  and  that  they  either 
need  readjustment  or  renewal  of  the  frictional  material. 

Q.  What  is  at  fault  if  a  car  starts  forward  suddenly  as  soon 
as  clutch  is  engaged? 

A.  If  the  car  j  umps  forward  with  the  clutch  pedal  let  in  gradually 
it  means  that  the  clutch  is  engaging  too  harshly  and  that  there  is 
lack  of  resiliency  in  the  clutch  facing  if  a  cone  type  is  used  or  lack 
of  oil  in  a  multiple  disc  form 

Q.    What  does  erratic  steering  indicate? 

A.  If  trouble  is  experienced  in  steering  the  car  and  the  steering 
wheel  works  freely  there  are  two  points  that  demand  immediate 
inspection.  The  first  thing  to  do  is  to  make  sure  that  the  tie-bar 
joinmg  the  steering  spindle  arms  is  not  loose  or  detached  at  one  end 
and  that  the  drag  link  and  steering  arms  are  also  properly  jomed 
together.  The  second  point  to  be  examined  and  the  most  common 
trouble  is  a  deflated  front  tire.  Erratic  steering  is  sometimes  caused 
by  a  defect  of  the  dififerential  gear  which  prevents  it  from  function- 
ing properly. 

Q.     What  does  a  loud  explosion  indicate? 

A.  A  blowout  in  either  front  or  rear  tires  is  generally  evidenced 
by  a  loud  pop  which  may  sound  in  some  cases  like  a  gun  shot.  It 
is  due  to  the  sudden  escape  of  air  confined  under  high  pressure  to 
the  outer  air  and  the  noise  is  produced  by  the  same  cause  as  when 
an  inflated  paper  bag  is  suddenly  broken. 

Q.     What  does  "bumping"  indicate? 

A.  ''Bumping'*  is  a  sure  indication  of  a  flat  tire  on  the  rear 
wheels  or  a  broken  spring. 

Q.     What  happens  if  one  continues  to  run  a  car  on  a  flat  tire? 

A.  The  outer  casing  and  inner  tube  will  be  destroyed  and  the 
rim  may  be  badly  dented.  In  forms  of  tires  of  the  straight  wall 
type  and  in  some  quick  detachable  forms  as  soon  as  a  tire  becomes 
deflated  it  is  liable  to  come  right  off  of  the  wheel,  as  the  air  pressure 
is  an  important  factor  in  holding  it  in  place  against  the  restraining 
rim  member. 


Road  Troubles  493 

Q.  What  do  sudden  grinding  noises  in  traiunitssion  case  or 
rear  axle  indicate? 

A.  Grinding  noises  are  generally  caused  by  gemng  out  of  ad- 
justment or  by  particles  of  foreign  matter  such  as  metallic  particles 
from  broken  bearings  or  stripped  gear  teeth  working  in  between  the 
gears  from  time  to  time. 

Q.    How  can  one  tell  if  tires  are  properly  inflated  ? 
A.     Various  simple  tire  gauges  are  manufactured  for  recording  the 
air  pressure  in  a  tire  but  if  no  gauge  is  available,  the  point  of  contact 


Fig.  27eb.— The  Right  and  Wrong  Wajrs  of  Inflating  Automobile  Tires. 


of  tire  and  the  ground  can  be  examined.  But  a  small  area  of  the  tire 
should  be  in  contact  if  the  tire  is  well  inflated.  The  illustration  makes 
this  point  clear  as  it  shows  a  well  inflated  tire  and  one  that  is  too  soft. 
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LESSON  THIRTY-TWO 
REPAIRING  POWER  PLANT  GROUP 

Q.    What  are  the  main  causes  of  lost  power? 

A.  The  principal  causes  of  lost  power  are  irregular  engme  ope^ 
/tion,  loss  of  compression  if  engine  fires  regularly,  overheating 
and  carbon  deposits. 

Q.     Describe  method  of  testing  compression. 

A.     The  easiest  method  of  testing  the  compression  is  to  turn  the 
crank  shaft  over  by  means  of  the  starting  crank  with  all  compression 
release  cocks  closed  and  spark  plugs  in  place.     The  amount  of  re- 
sistance to  cranking  can  be  taken  as  an  indication  of  the  compres- 
sion in  the  cylinders.    A  cylinder  with  good  compression  will  offer 
decided  resistance  against  rotation  of  the  crank  shaft,  whereas 
one   lacking  in  compression  will  offer  no  perceptibly  greater  re- 
sistance to  the  crank  shaft  than  does  bearing  friction.     If  on  turn- 
ing the  starting  handle  of  a  multiple  cyUnder  engine  one  finds  some 
cylinders  that  have  good  compression  while  others  permit  the  gas 
to  escape  it  is  imperative  that  those  having  less  compression  should 
be  found  as  these  are  the  ones  that  need  attention. 

The  amount  of  compression  in  a  cylinder  can  be  easily  determined 
by  various  forms  of  pressure  gauges  that  can  be  screwed  into  the 
cylinder  head  in  place  of  a  spark  plug  or  compression  relief  cock. 
A  gauge  of  this  character  is  similar  in  construction  to  those  used  for 
showing  the  pressure  of  steam  and  the  amount  of  compression  is 
usually  indicated  on  the  dial.  The  various  cylinders  may  be  tested 
in  turn  and  the  compression  should  average  at  least  65  or  70  pounds 
per  square  inch  in  each  cyUnder.  If  no  pressure  gauge  is  at  haad 
one  may  test  each  cylinder  separately  by  removing  the  spark  plugs 
or  opemng  the  relief  cocks  on  all  cylinders  except  that  in  which  the 
compression  is  to  be  tested.    Staitm%  m^Jci  ^JQfe  %a:^  ^Uader  eaeb 
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le  other  units  is  tested  in  turn  and  it  is  imperative  that  the 
)ression  be  equal  or  nearly  the  same  in  all  cylinders.  The  use 
pressure  gauge  is  recommended  because  this  gives  a  positive 
mination  of  the  condition  of  the  various  members  depended 
►  hold  the  gas  under  compression  in  the  cylinder. 

What  is  the  first  thing  to  examine  if  compression  is  weak? 

The  first  point  to  look  at  is  the  various  gaskets  and  packings 
•p  of  the  combustion  chamber,  such  as  those  around  the  spark 
or  under  the  valve  chamber  caps.     It  is  easy  to  determine  if 


:.277. — Methods  of  Relieving  Valve  Spring  Tension  to  Remove 

Valve  Stem  Key. 

leak  by  squirting  oil  around  the  joints  before  cranking  the 
e.  Any  compression  leak  will  be  indicated  by  air  bubbles, 
text  thing  to  examine  are  the  inlet  and  exhaust  valves.  Valves 
seat  poorly  are  the  main  cause  of  poor  compression  and  this 
tive  condition  is  easily  remedied,  as  a  rule,  by  grinding  the 
s  to  a  correct  seating. 

Descnbe  pirqcess  of  valve  removal. 

In  order!  ta;rMQOve  the  valves  from  the  coiwerdia^^i^srcfiL  ^ 
far  M'Jk  ASBft^neceeaary  to  unscrew  the  v«Xve  (iYiajcdci^x  ^«^  ^ 
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the  top  of  the  cylinder  casting  and  also  to  remove  the  valve  a 
enclosing  plates  if  these  members  axe  carried  in  a  bouang. 
valves  are  kept  seated  by  coil  springs  which  expand  against  i 
of  some  kind  put  through  the  valve  stem  and  held  in  place  by 
form  of  collar  that  takes  the  valve  spring  thrust.  In  order  i 
move  the  valve  it  is  first  necessary  to  compress  the  spring 
ciently  to  draw  the  valve  key  out  of  the  valve  stem.  This  p« 
the  valve  to  be  lifted  out  through  the  top  of  the  valve  cbai 
A  number  of  simple  and  easily  operated  devices  are  offer 
facilitate  valve  removal.     Some  of  these  are  shown  at  Fige 


Fig.  277A.— How  Forked  Lever  is  Employed  to  Raise  Valve  S] 

and  277A.  That  at  A  Fig.  277A  consists  of  a  simple  hook  cai 
a  ch^n  and  a  notched  lever  which  is  adapted  to  fit  the  links  > 
chain.  The  method  of  using  is  so  clearly  shown  in  illust 
that  explanation  of  its  action  is  almost  unnecessary.  The  bu 
of  the  hook  member  is  to  hold  the  valve  head  down  agaJl 
seat  while  the  spring  is  compressed  by  the  spring  lifting  leva  ] 
under  the  collar  at  the  lower  end  of  the  valve  stem.  By  b 
down  OB  the  long  arm  of  the  \eNei  t\ie  coUax  and  the  spring 
i£«f»  gainst  it  is  easily  raised  aad^Aie^^  ^s-'S  ^  ■**!«&"« 
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the  stem.  The  form  shown  at  B  is  equally  simple  in  its  application 
nd  consists  of  a  frame  bar  having  a  screw  at  the  upper  end  and  a 
.  fork  at  the  lower  end.  By  turning  the  hand  screw  the  valve  spring 
may  be  compressed  with  but  little  exertion  and  the  valve  key  re- 
moved. The  form  shown  at  Fig.  277  is  a  simple  fulcrumed  lever 
earned  by  an  adjustable  support  that  permits  raising  the  valve 
spring  though  some  method  of  holding  the  valve  head  down  against 
the  seat  must  be  used  in  combination  with  this  tool.  The  usual 
method  is  to  interpose  a  block  of  wood  between  the  valve  head 
and  the  valve  chamber  cap  while  the  spring  is  being  compressed  to 
permit  one  to  remove  the  keys. 

Q.     Enumerate  principal  .valve  defects. 

A.  The  exhaust  valves  usually  suffer  more  than  the  intake 
members  because  they  are  constantly  exposed  to  the  corroding 
effect  of  the  hot  exhaust  gases.  Exhaust  valve  heads  will  warp 
and  the  seats  will  be  scored  or  pitted  sooner  than  inlet  valves. 
Sometimes  the  valve  head  may  flake  and  these  particles  of  metal 
will  get  between  the  valve  and  seat  and  keep  the  head  from  seating 
correctly.  Inlet  valves  are  not  so  apt  to  warp  as  the  exhaust 
valves  because  they  are  exposed  to  the  comparatively  cool  charges 
of  gas  coming  from  carburetor.  Some  valves  are  made  with  cast 
iron  heads  riveted  to  a  steel  stem.  These  very  often  give  trouble 
because  the  heads  will  crack  or  break  or  may  become  loose  on  the 
stem.  Valve  stems  are  sometimes  bent  or  they  may  become  gummed 
in  the  guides  so  they  do  not  move  freely.  The  principal  valve 
trouble  is  defective  seating  due  to  wear  between  the  valve  head  and 
the  valve  seat  and  is  generally  easily  remedied  by  grinding  the  valves 
to  a  new  seating. 

Q.     Outline  process  of  valve  grinding. 

A.  Valve  grinding  is  a  simple  process,  though  it  must  be  carried 
an  carefully  in  order  to  secure  good  results.  The  valve  heads  of 
most  cars  will  be  provided  either  with  two  small  holes,  as  shown  at 
A,  Fig.  278,  or  with  a  screw  driver  slot,  as  shown  at  B,  Fig.  278. 
Tools  may  be  made  to  fit  the  valve  head  at  one  end  and  the  ordin- 
ary form  of  carpenters'  bitstock  at  the  other.  The  process  of 
rslregrmding itself  consists  of  coating  the  vaVv^  andL^fc^^^rvNiXi's^^^fia 
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abrasive  compound,  usually  fine  emery,  ground  glass  or  carixr-  I 
undum  dust  and  oil  mixed  to  a  paste.  A  coil  spring  is  placed  noder 
the  valve  head,  as  indicated  at  Fig.  278-C  in  order  that  the  valve 
will  be  raised  from  its  seat  whenever  the  pressure  on  the  bit  stodt 
is  released.  A  plug  of  waste  or  cloth  is  placed  in  the  passage  be- 
tween the  valve  chamber  and  the  cylinder  in  order  to  prevent  the 
abrasive  compound  from  working  into  the  cylinder.  The  vaive 
is  turned  a  portion  of  a  revolution  and  back  ^ain  by  means  (rf  the 
grinding  tool  and  bitstock  and  new  abrasive  material  is  added  from 


Fig.  278. — Method  of  Grinding  Motor  Car  Engine  Valves  to  Correct 
Seating  Which  Insures  Proper  Compression  of  Gas  Prior  to  Igni- 


time  to  time.  The  valve  is  removed  and  both  v^ve  head  and  seat 
washed  thoroughly  with  gasoline  in  order  that  the  condition  of  the 
surfaces  be  easily  determined.  When  both  valve  head  and  eeri 
are  bright  and  without  scores,  ridges,  pits  or  other  depressions  it 
is  reasonable  to  assume  that  the  valve  has  been  ground  in  pr<q>erly. 
Very  little  pressure  is  needed  to  hold  the  valve  agwnst  the  seat 
while  grinding.  In  fact  the  weight  of  the  bitstock  is  usually  soffi- 
cient.  It  13  better  to  use  an  oadllatin^  motion  rather  than  tuim 
tie  valve  completely  around  w\fl\e  ^a^avt 
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Q.  How  can  one  tell  if  valves  are  seating  correctly  after 
grinding? 

A.  The  fit  of  the  valve  head  and  the  valve  seat  is  usually  tested 
by  coating  the  valve  head  with  Prussian  blue  pigment  and  pressing 
it  in  place  against  the  seat.  The  valve  is  then  turned  about  one- 
fourth  of  a  revolution  and  removed.  If  the  valve  and  seat  are  a 
proper  fit,  the  entire  seat  will  show  blue,  though  if  the  valve  head 
and  seat  do  not  fit  only  the  high  spots  or  ridges  on  the  valve  seat 
will  receive  a  coating  of  blue.  In  such  an  event  the  grinding  pro- 
cess should  be  continued  until  the  valve  head  has  an  even  bearing 
all  over  on  the  seat. 

Q.  Outline  the  two  common  conditions  that  will  prevent 
valves  seating,  even  if  they  fit  properly. 

A.  A  particle  of  foreign  matter  or  carbonaceous  material  be- 
tween the  valve  head  and  seat  will  keep  the  valve  from  closing 
properly  as  will  also  lack  of  clearance  between  the  valve  operating 
plunger  and  the  valve  stem.  A  broken  valve  spring  may  also  pre- 
vent a  valve  from  seating  properly.  Weak  valve  springs  also  make 
the  valves  tardy  in  closing. 

Q.  What  should  next  be  examined  if  valve  grinding  does 
not  improve  compression? 

f  A.  The  piston  rings,  piston  and  cylinder  walls  are  the  next 
points  that  demand  attention  if  grinding  the  valves  does  not  suffice 
to  make  the  cylinder  gastight. 

Q.     What  are  the  principal  piston  ring  troubles? 

A.  Piston  rings  may  have  worn  so  they  are  a  very  loose  fit  in 
their  slots  or  they  may  be  gummed  up  with  oil  or  carbon  deposits 
so  they  do  not  move  freely.  The  rings  may  also  be  broken  or  they 
may  have  worked  around  so  all  the  slots  are  in  line.  Piston  rings 
may  also  lose  their  elasticity  and  not  form  a  proper  packing. 

Q.     How  are  piston  rings  removed? 

A.     Piston  rings  may  be  removed  from  the  piston  as  shown  at 
Ay  Fig.  279.     Three  thin  strips  of  metal  are  needed;  these  may  be 
and  often  are  made  of  hacksaw  blades  witb  tbk&  \fc^\XjL  ^gL^xss.^  «c5S. 
or  strips  of  tinned  sheet  iron  or  old  clock  sptm^.    ^Vf^Tvs^.^Sa^'s^^'^'^^ 
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either  with  a  pair  of  special  pliers  made  for  the  purpose  or  by  m- 
serting  a  screw  driver  between  the  ring  and  the  piston  and  the 
metal  strips  are  put  in  place  as  indicated.  This  brings  the  ring 
entirely  out  of  the  groove  in  the  piston  and  makes  possible  the 
easy  removal  of  that  member  without  danger  of  breaking.  A  re- 
versal of  this  process  will  enable  one  to  replace  the  piston  ringB 
just  as  easily  as  they  are  removed.  When  removing  the  rings 
one  should  start  with  the  top  one,  whereas  when  replacing  them 
the  bottom  ring  is  the  first  to  go  on. 


Fig.  279.— Showing  Method  of  Removing  and  Peening  Piston  Rings. 

Q.     How  can  piston  ring  troubles  be  eliminated? 

A.  If  the  piston  rings  are  worn  or  broken  the  best  method  of 
repair  is  to  replace  the  ring  with  new  members  which  must  be  care- 
fully fitted  so  that  they  will  move  freely  in  the  piston  grooves  and 
at  the  same  time  care  should  be  taken  that  they  will  fit  the  cylinder 
interior.  If  the  grooves  are  filled  with  gummed  oil  or  carbon  thejr 
should  be  cleaned  out  thoroughly  before  the  rings  are  replaced. 
Rings  that  have  lost  their  elaistidty  are  sometimes  restored  to  a 
proper  condition  by  a  process  Vaiovm.  «a  **^pfe«Dasi%!* 
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shown  at  Fig.  279-B.  It  consists  of  delivering  a  series  of  blowfc 
with  a  light  ball  peen  hammer  around  the  interior  of  the  ring 
while  the  face  bears  against  some  absolutely  smooth  steel  member. 
Care  should  be  taken  in  hammering  the  ring  that  the  blows  are 
light  because  cast  iron  is  a  very  brittle  material  and  will  break 
easily.  The  strength  of  the  blows  should  be  varied  according  to 
the  thickness  of  the  rings.  Heavier  blows  are  struck  at  the  thick 
portion  of  an  eccentric  ring  and  these  gradually  become  less  in  force 
the  nearer  they  are  applied  to  the  thin  end. 

Q.     Is  cylinder  or  piston  wall  ever  at  fault? 

A.  Poor  compression  is  often  caused  by  deep  scratches  or 
grooves  on  cylinder  and  piston  walls.  The  gas  leaks  by  the  rings 
no  matter  how  well  these  fit  the  cylinder  because  they  can  only 
serve  to  make  a  cylinder  gastJght  when  the  bore  is  smooth  and 
practically  round. 

Q.     What  is  the  main  cause  of  deep  grooves  in  cylinder? 

A.  The  most  frequent  condition  resulting  in  deep  grooves  in 
the  cylinder  wall  is  a  failure  of  the  wrist  pin  fastenings,  as  these 
sometimes  come  loose  and  permit  the  hardened  steel  wrist  pin  to 
bear  against  the  soft  cast  iron  walls  of  the  cylinder.  The  sharp 
edge  of  the  wrist  pin  acts  as  a  cutting  tool  despite  the  presence  of 
lubrication  and  a  deep  groove  will  eventually  be  worn  in  the  cylinder 
on  account  of  the  rapid  reciprocation  of  the  piston  while  the  engine 
is  in  operation.  It  is  practically  impossible  to  restore  a  cylinder 
that  has  been  deeply  grooved  by  a  wrist  pin.  The  most  practical 
way  of  restoring  the  engine  to  its  full  efficiency  is  to  replace  the  de- 
fective cylinder  member. 

Q.    What  causes  fine  scratches  on  piston  and  cylinder  wall? 

A.  If  lubrication  is  deficient,  such  as  when  unsuitable  oil  is  used 
or  when  the  lubricant  is  not  supplied  in  proper  quantities,  the  pis- 
ton is  apt  to  cut  the  cylinder  and  the  result  is  that  both  surfaces 
in  contact  are  covered  with  a  series  of  fine  scratches.  While  these 
are  not  as  deep  as  those  caused  by  a  loose  wrist  pin,  still  they  may 
have  sufficient  depth  to  permit  considerable  gas  to  leak  by.  Fine 
scratches  may  often  be  eliminated  by  ©rmdviv^  o\\J^  ^  ^-*3\>ss.^iKt  n*^ 
a  slightly  larger  size  and  fitting  new  piston  «aidL^\^\»Qr£xTv»5^* 
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Q.  Describe  formation  of  carbon  deposits  and  how  they 
affect  the  action  of  the  motor. 

A.  If  oil  of  low  fire  test  or  too/  much  of  the  proper  oil  is  used 
the  excess  lubricant  will  burn  in  the  combustion  chamber  and  while 
the  heat  will  vaporize  the  volatile  constituents  a  certain  amount 
of  solid  matter,  which  is  practically  pure  carbon,  will  be  deposited 
on  the  top  of  the  piston  and  the  cylinder  head  and  around  the  valves. 
These  deposits  are  also  augmented  by  road  dust  and  other  foreign 
matter  taken  in  through  the  carburetor.  If  the  mixture  is  too 
rich,  the  excessive  fuel  used  will  also  deposit  carbon. 

An  engine  in  which  the  carbon  deposits  are  excessive  is  apt  to 
overheat  readily,  lose  power  and  knock  just  as  though  a  bearing 
were  loose.  The  condition  of  the  interior  of  the  cylinder  may  be 
easily  ascertained  by  removing  a  spark  plug  or  valve  chamber 
cap  which  permits  one  to  examine  the  interior  of  the  combustion 
chamber. 

Q.     How  is  carbon  removed  from  combustion  chamber? 

A.  In  some  types  of  engines,  such  as  used  on  the  Ford,  the  Metz, 
and  Maxwell  '^25,"  it  is  possible  to  remove  the  entire  cylinder 
head  members  to  expose  the  pistons  and  valves  as  well  as  the  in- 
terior of  the  combustion  chambers.  The  carbon  may  be  easily 
removed  by  softening  with  kerosene,  wood  alcohol,  acetone  or  sim- 
ilar carbon  solvents.  The  deposits  are  then  easily  removed  by 
means  of  scrapers  made  especially  for  the  purpose.  In  other  forms 
of  engines,  notably  of  the  T  head  type,  having  large  valves,  it  is 
possible  to  scrape  out  most  of  the  carbon  by  removing  the  valve 
caps  and  using  scrapers  shaped  like  small  hoes.  Carbon  deposits 
may  also  be  burned  out  with  an  oxygen  flame. 

On  other  engines  in  which  the  piston  rings  are  a  good  fit  it  is  pos- 
sible to  soften  most  of  the  carbon  by  using  some  liquid  carbon 
remover  which  is  introduced  into  the  combustion  chamber  by  means 
of  a  squirt  gun.  This  loosens  up  the  carbon  and  after  the  carbon 
remover  is  taken  out  of  the  cylinder  again  the  engine  may  be  started 
up  and  the  loose  carbon  will  be  blown  out  through  the  exhaust 
vaJve.  The  surest  method  of  removing  this  material  is  to  take  the 
engine  apart  sufficiently  so  that  t\i^  metcJo^x?*  ^^^^t^d  may  be  reach- 
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id  easily  and  the  carbon  removed  by  positive  mechanical  means. 
^  simple  preventive  of  carbon  deposits  is  to  put  in  a  tablespoon- 
hdl  of  kerosene  in  each  cylinder  through  the  compression  relief 
fiiocks  at  the  end  of  a  day's  run  while  the  engine  is  still  hot.  This 
Vfill  soften  up  the  carbon  over  night  and  when  the  motor  is  started 
fche  next  day  a  large  proportion  of  the  carbon  deposited  the  previous 
day  will  be  blown  out  with  the  exhaust  gases. 

Q.    What  are  the  three  main  causes  of  skipping? 

A.  Skipping  or  irregular  engine  operation  which  results  when 
one  or  more  of  the  cylinders  does  not  fire  regularly  may  be  due  to 
defects  existing  in  the  engine  itself,  notably  in  the  valve  system; 
faulty  ignition  or  defective  carburetion. 

Q.  Describe  defects  of  valve  system  that  may  cause  mis- 
firing. 

A.  If  the  inlet  or  exhaust  valves  do  not  seat  properly  or  fail 
to  open  ajid  close  at  the  right  time  the  action  of  the  engine  will  be 
irregular.  One  of  the  main  troubles  is  defective  valve  seating. 
This  may  be  caused  by  a  worn,  scored  or  pitted  valve  head  and  seat; 
by  a  warped  valve  head,  foreign  matter  under  the  valve,  a  weak 
or  broken  valve  spring  or  lack  of  clearance  between  the  end  of  the 
valve  stem  and  the  operating  plunger  or  tappet  rod.  A  stuck  or 
bent  vaJve  stem  or  one  that  has  become  so  covered  with  scale  that 
it  sticks  in  its  guide  bushing  will  also  prevent  smooth  engine  oper- 
ation. The  conditions  that  will  cause  the  valve  to  loose  the  proper 
timing  are,  insufficient  or  too  much  clearance  between  the  valve 
operating  plunger  and  valve  stem,  wear  in  valve  operating  mech- 
anism,  such  as  on  cam  profiles  and  cam  rolls,  and  wrong  meshing 
of  the  timing  gear  on  the  camshaft  with  that  on  the  crankshaft. 
On  some  engines  the  cams  are  separate  members  pinned  or  keyed 
to  the  camshaft  and  if  these  methods  of  fastening  fail  the  engine 
timing  will  be  disturbed.  A  sprung  camshaft  has  also  been  known 
to  cause  irregular  engine  operation. 

Q.     Outline  main  troubles  in  ignition  systems. 

A.     The  main  trouble  in  the  average  ignition  system  is  faulty 
fljpark  plug  action.    Sometimea  the  source  oi  CMiieivX.  at  XXi^^xsvssl's 
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may  be  at  fault  and  again  the  trouble  may  exist  in  the  Bwitdi  bAJ 
commutating  or  current  distributing  apparatus. 

Q.  Describe  steps  in  locating  ignition  troubles  when  a  fibn- 
tor  coil  system  is  used. 

A.  A  typical  simple  ignition  syatem  which  consists  of  s  foin 
unit  vibrator  coil  supplied  with  current  by  a  m^neto  integrd 
with  the  motor  flywheel  is  outlined  at  Fig.  280.  The  current  froni 
the  magneto  is  distributed  by  a  timer  located  at  the  front  end  d 
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Fig.  280— Wiring  Diagram  of  Ignition  Ssratem  of  Ford  Can. 

the  engine  on  an  extension  of  the  camshaft.  Four  wires  lekd 
from  this  device  to  the  various  coil  units.  Four  secondary  wiM 
lead  from  the  coil  to  the  spark  plup  in  the  cylinders.  The  fint 
thing  to  determine  if  the  engine  is  not  running  regularly  is  whidl 
cylinder  or  cylinders  are  not  firing  regularly.  This  may  be  eaiOy 
accomplished  by  removing  the  cover  of  the  coil  box,  speeding  Op 
the  engine  slightly  by  opemag  tW  tbiQtU.e  and.  then  holding  doi^ 
three  of  the  vibrators  so  tbe  eii®Q.e  -wffli  x^m.  o^  aii"3  ^ 
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Each  of  the  cylinders  is  tried  in  turn  by  holding  down  the  vibrators  of 
all  the  other  three  cylinders.  The  engine  will  stop  when  the  cylinder 
that  is  not  firing  is  reached.  The  spark  plugs  are  the  first  thing 
to  be  looked  at  provided  that  the  coil  vibrator  is  buzzing  all  right. 
If  the  coil  vibrator  is  not  buzzing  the  first  thing  to  look  at  is  to  make 
sure  that  the  contact  points  between  vibrator  spring  and  fixed 
contact  members  make  a  proper  electrical  connection.  Then  the 
wire  leading  from  the  coil  that  does  not  operate  to  the  timer  should 
receive  attention.  It  is  imperative  that  the  terminals  be  tight  at 
both  coil  box  and  timer,  that  the  insulation  be  whole  and  not  in 
contact  with  any  metal.  The  timer  should  also  be  examined  to 
see  if  the  contact  brush  or  roller  is  establishing  the  proper  connection 
between  the  segments  spaced  around  the  inner  periphery  of  the 
fiber  ring. 

t 

Q.  If  batteries  are  used  for  current  supply,  how  are  these 
members  tested? 

A.  The  amount  of  current  delivered  by  batteries  may  be  meas- 
ured by  using  an  ammeter  for  dry  batteries  and  a  voltmeter  for 
storage  batteries.  Dry  cells  should  indicate  over  eight  amperes 
each  whereas  a  storage  battery  should  indicate  not  less  than  six 
volts  if  it  is  a  three  cell  type  commonly  used  for  ignition 
purposes. 

Q.     Outline  commutator  or  timer  defects. 

A.  The  main  cause  of  trouble  in  a  primary  timer  is  deposits 
of  oil  which  have  been  impregnated  with  metal  particles  due  to  the 
abrasion  between  the  contact  brush  or  roll  and  the  insulated  metal 
segments.  The  roll  that  establishes  contact  may  be  worn  unduly 
on  its  bearings  or  the  spring  that  holds  the  roll  against  the  segments 
may  be  weak  or  broken.  If  the  contact  segments  are  pitted  or 
roughened  by  the  action  of  the  ciu'rent  the  timer  should  be  placed 
in  a  lathe  and  the  interior  ground  out  smoothly  in  order  that  the 
surfaces  of  the  contact  segments  be  on  a  true  surface  and  be  bright 
and  clean.  If  the  path  of  the  roller  is  irregular,  i.  e.,  if  there  are 
alternate  depressions  and  high  spots,  the  action  of  the  timer  will 
be  erratic  at  high  engine  speeds  though  ignition  will  be  regular 
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enough  at  low  speeds.  Some  forms  of  timers  use  a  touch 
between  platinum  points  instead  of  a  wipe  contact.  An; 
employing  platinum  points  must  not  only  be  carefully  a 
but  must  be  kept  entirely  free  of  oil  particles. 

Q.     Name  spark  plug  faults. 

A.  The  most  common  defect  of  spark  plugs  and  the  ea 
remedy  is  short  circuiting  by  means  of  oil  or  carbon  deposi 
restore  the  plug  to  full  efficiency  it  is  necessary  to  remove  the 


Fig.  281.— How  t< 


ing  foreign  matter  and  clean  the  surfaces  of  the  insulator 
as  brightening  the  spark  plug  points.  Sometimes  the  ii 
becomes  oil-soaked  or  cracked  and  allows  the  current  to  si 
cuit  to  the  metal  bushings  instead  of  jumping  the  air  gap  I 
the  points.  The  space  between  the  spark  plug  points  nUQ 
correct,  if  there  is  too  much  of  an  aJr  gap  the  spark  will  n 
come  the  resistance  of  the  compressed  gas  whereas  if  .thi 
Are  too  close  together  tlie  spoik  ^nU.  not  have  auffici«nt 
value  to  ignite  the  charge. 
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Fig.  282, — Double  Ignition  System  Showing  Wiring  For  Both  Bat- 
tery and  Magneto  and  All  Parts  to  Be  Inspected  in  Event  of  Igni- 
tion Trouble. 

Q.    Describe  principaL  induction  coil  troubles. 

A.  The  main  induction  coil  trouble  is  defective  vibrator  action, 
rhis  is  commonly  caused  by  the  platinum  contact  points  becoming 
otted  or  burnt  so  that  proper  electrical  contact  is  not  established. 
}  the  pQintfi  are  burnt)  the  vibrator  will  cause  trouble  at  low  and 
li^  speeds,  whereas  if  they  are  pitted,  the  vibrator  is  av^  to  ^vit 
^  high  Bjieed.     The  contact  points .  shouVd  ^"cai.t&i>^  %q^qkwdp 
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ed  with  a  very  fine  file  or  oil  stone  and  the  vibrator  must  be  dtehdl;  | 
readjusted.  The  vibration  should  be  rapid  eaougt  so  a  diBtinet  ] 
buzzing  Bound  is  produced.  Another  cause  of  poor  induction  col 
action  is  broken  wires  or  loose  terminals.  Sometimes  intooii 
defects,  such  as  a  burnt  out  condenser  or  a  punctured  secondai; 
winding,  will  cause  trouble.  Defects  of  this  nature  can  he  find 
only  by  the  maker  of  the  coil  or  an  electrician  having  suitable 
equipment. 

Q.  How  can  missing  cylinder  be  found  when  a  high  tennon 
magneto  is  employed? 

A.  It  is  not  possible  to  locate  missing  cylinders  by  means  of  hold- 
ing down  the  vibrators  on  the  coil  when  a  magneto  is  used  bo  it  is 
necessary  to  short  circuit  the  plugs  to  determine  which  are  at  fauH. 


Fig.  283.— Parts  of  Botch  Dual  l«ni^»Hv  ^iUkr).  wA'Uwk  Wind  T** 
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The  method  outlined  at  Fig.  281-A  is  that  commonly  followed. 
A  screw  driver  or  similar  tool  having  a  wooden  handle  is  brought 
in  contact  with  some  metal  portion  of  the  engine  and  almost  touched 
to  the  insulated  terminal  on  the  spark  plug.  If  the  spark  is  delivered 
from  the  magneto  distributor  it  will  jump  the  gap  between  the  screw 
driver  point  and  the  spark  plug  terminal  rather  than  jump  the 
spark  gap  in  the  cylinder.  Each  of  the  spark  plugs  may  be  tested 
in  turn  and  if  the  current  reaches  the  plugs  it  will  indicate  this 
fact  by  sparking  between  the  screw  driver  blade  and  the  plug  ter- 
minal. After  all  the  plugs  have  been  tested  in  this  manner  and  the 
current  is  found  to  flow  from  the  magneto  as  it  should  the  next 
thing  to  do  is  to  locate  the  missing  cylinder.  This  is  done  by  short 
circuiting  each  of  the  plugs  in  turn  with  a  screw  driver  blade  by  es- 
tablishing a  direct  metallic  contact  betweeii  the  insulated  terminals 
and  the  engine.  If  the  engine  is  running  on  three  cylinders,  there 
will  be  a  difference  noted  in  the  operation  of  the  motor  when  any 
one  of  the  three  good  plugs  is  short  circuited.  If  short  circuiting 
the  remaining  plug  does  not  seem  to  interfere  with  engine  action 
it  is  reasonable  to  assume  that  this  member  is  the  one  at  fault, 
and  it  should  be  removed  for  inspection,  cleaning  or  readjustment. 
A  simple  short  circuiting  device  that  can  be  applied  to  any  conven- 
tional spark  plug  is  shown  at  Fig.  281-B.  This  consists  of  a  short 
circuiting  wire  attached  to  the  top  terminal  that  may  be  brought 
down  by  means  of  an  insulated  handle  so  it  establishes  a  metal 
connection  between  the  two  portions  of  the  plug. 

Q.     Name  magneto  faults  and  tell  how  to  remedy  them. 

A.  The  principal  trouble  in  a  high  tension  magneto  is  dirt  in 
the  distributor  or  contact  breaker.  The  contact  breaker  of  the 
Bosch  high  tension  magneto  is  shown  at  Fig.  284.  The  main  point 
to  observe  is  that  the  interior  of  the  device  is  clean,  that  the  contact 
points  separate  when  the  fiber  block  rides  on  a  steel  segment  and 
that  they  contact  at  other  times.  The  contact  points  must  not 
only  be  clean  and  establish  the  proper  electrical  contact  but  they 
must  also  be  properly  adjusted.  A  thin  sheet  metal  gauge  is  usually 
furnished  by  the  magneto  manufacturer  to  indicate  the  proper  gap 
that  should  exist  between  the  points  when  the  fi^bex  VAo^^Je^^x^ifc'^  '^ 
the  steel  segment.    ^  The  gap  between  tVve  powcA,^  \xiwj  \yi  x^'sb;^^!^^*^^ 
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by  means  of  the  adjusting  screw  provided.  If  the  contact  jxHiiti 
do  not  separate  it  is  because  tlie  fiber  block  at  one  end  of  the  ictir- 
ruptor  or  bell-crank  lever  is  worn  so  that  it  rides  over  the  sufface 
of  the  steel  segment  or  csjn  without  producing  separation  of  the 
contact  points. 

The  parts  of  a  Splitdorf  magneto  are  clearly  outlined  at  fig.  2S5. 
In  addition  to  the  contact  breaker  faults  previously  enumerated 
one  should  examine  the  secondary  distributor  to  see  that  the  in- 
terior is  perfectly  clean  and  entirely  free  from  oil,  metal  or  carbcffl 
particles.  The  collecting  brushes  and  the  distributing  membe 
should  project  far  enough  out  and  be  kept  there  by  a  spring  of 
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sufficient  strength  so  that  they  will  contact  positively  with  the 
distributing  segment  carried  on  the  face  of  the  fiber  plate  attached 
to  the  distributor  gear.  Collecting  brushes  are  also  used  on  some 
forms  of  magneto  to  deliver  the  current  from  the  armature  to  the 
distributor,  or  to  external  apparatus,  such  as  an  induction  coL 
These  brushes  should  make  a  positive  contact-  with  the  colleotinK 
f^g  and  sbould  not  only  be  iiee  iiooi  Q^\i\i.\.TQS3s%«aBi^  \iLtbai 


Repairing  Power  Plant 


512 


Questions  and  Answers 


fiockets.  Magneto  field  energizing  magnets  sometimes  lose  their 
strength  but  this  is  not  a  common  fault.  They  may  be  easily  re- 
energized by  any  electrician.  Care  should  be  taken  not  to  use  too 
much  oil  in  a  magneto  because  it  is  apt  to  injure  the  insulation. 
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Fig.  286. — ^Typical  Fuel  Supply  System  Involving  Pressure  Feed  of 

Gasoline. 

Q.    What  faults  of  the  carburetor  cause  irregular  operation? 

A.  If  the  mixture  is  not  properly  adjusted  the  engine  is  apt 
to  work  irregularly  and  any  carburetor  faults  that  will  interfere 
with  the  proper  proportion  of  gaseous  mixtures  will  cause  mis- 
firing. 

Q.  What  faults  may  prevent  fuel  supply  in  pressure  feed 
system? 

A.     A  typical  pressure  feed  system  in  which  the  gasoline  is  forced 

to  the  carburetor  by  means  of  air  pressure  in  the  main  container 

is  outlined  at  Fig.  286.     If  there  is  a  leak  in  the  container  or  piping 

tb&t  will  permit  the  air  to  escape  the    carburetor  will  not  receive 

gasoline.    As  this  condition  may  be  e^fiS^y  die\.e\\fi2caftd  by  watch- 
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ing  the  air  pressure  gauge  on  the  dash  it  is  not  difficult  to  determine 
if  the  defective  fuel  feed  is  caused  by  lack  of  air  pressure  or  an  ob- 
struction in  the  piping  leading  from  the  tank  to  the  carburetor. 
The  point  at  which  leakage  is  more  often  found  is  at  the  filler  cap 
which  may  not  be  properly  screwed  down  after  the  tank  has  been 
filled.  Sometimes  the  motordriven  air  pressure  pump  will  fail  but  thb 
■condition  is  readily  noted  by  a  drop  in  pressure  at  the  gauge  and  the 


auxiliary  hand  air  pump  may  be  brought  into  play  to  supply  gaso- 
line to  the  carburetor  until  the  power  air  pump  may  be  examined. 
The  common  trouble  with  an  air  pump,  provided  that  the  plunger 
or  cylinder  is  not  worn  too  much,  can  be  traced  to  defective  oper- 
ation of  inlet  and  discharge  check  valves. 

Q.     Name  principal  mixing  chamber  troubles. 
A.     The  principal  mixing  chamber  defects  are  constricted  spray 
nozzle  or  defective  auxiliary  air  valve  operation.     If  the  air  valve 
is  closed  down  too  tightly  so  it  does  u(A  i\se  «qkms^  ^Jua  -mixture 
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is  apt  to  be  excessively  rich,  whereas  if  it  opens  too  much  the  mix- 
ture will  have  a  surplus  of  air  and  it  will  be  slow  burning  and  cause 
''popping  back"  in  the  carburetor.  The  cross  section  of  the  Scheb- 
ler  carburetor,  outlined  at  Fig.  287,  clearly  shows  the  construction 
of  a  typical  auxiliary  air  valve  and  the  location  of  the  gasoline 
spray  nozzle.  The  external  view  at  Fig.  288  shows  the  various 
adjustments  of  this  carburetor.  A  sectional  view  of  the  Stromberg 
device  is  shown  at  Fig.  289. 

Q.     Outline  main  float  bowl  defects. 

A.  If  the  gasoline  level  in  the  float  chamber  is  too  high  it  will 
overflow  at  the  spray  nozzle  and  produce  an  excessively  rich  mix- 
ture. This  may  be  caused  either  by  poor  adjustment  of  the  float, 
by  foreign  matter  between  the  float  operated  shut-oflf  valve  and 
its  seat  or  by  alteration  in  the  weight  of  the  float.  If  the  float  is 
of  cork  it  may  become  saturated  with  fuel,  whereas  if  of  metal  it 
may  leak  and  admit  fuel  to  its  interior.  If  the  level  is  too  low  in 
the  spray  nozzle  the  mixture  will  be  too  thin  and  motor  action  will 
be  erratic.  This  condition  is  caused  mainly  by  poor  float  adjustment 
or  the  constriction  of  the  passage  through  which  the  gasoline  enters 
the  float  chamber  by  lint  or  other  foreign  matter. 

Q.     Do  inlet  manifolds  ever  cause  trouble? 

A.  If  there  is  an  opportunity  for  air  to  leak  in  either  through 
defective  gaskets  or  through  a  crack  or  blowhole  in  the  manifold, 
the  mixture  will  not  have  proper  proportions  no  matter  how  care- 
fully the  carburetor  is  adjusted  and  the  engine  will  not  run  properly. 
Another  opportunity  for  air  to  enter  the  engine  and  dilute  the  mix- 
ture is  through  worn  inlet  valve  guides. 

Q.  What  troubles  in  the  motor  cause  noisy  operation,  and 
what  is  the  nature  of  the  noise? 

A.  Carbon  deposits  in  the  combustion  chamber  cause  a  dull 
knocking  sound,  worn  timing  gears  produce  a  grinding  noise,  dry 
bearings  or  cylinder  will  be  indicated  by  a  squeak,  leaky  packings 
or  gaskets  in  the  combustion  chamber  will  be  denoted  by  a  pro- 
nounced hissing  noise,  looseness  of  minor  parts  will  be  indicated 
by  a  rattle,  while  serious  wear  in  the  mam  \ife«t\Tk!^  est  ^^aes^^si^^^^isis^ 
rods  will  be  evidenced  by  a  pronounceid.  iiLeV*«SLVi\3xey3fi.. 
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Q.  How  can  loose  main  or  connecting  rod  bearings  be  d^■ 
tected? 

A.  On  most  engines  it  is  possible  to  either  remove  an  inapeetian 
plate  at  the  side  of  the  crank  chamber  or  the  bottom  of  the  crank 
case  that  will  permit  one  to  locate  looseness  in  the  bearing  by  fed- 
ing  of  them  or  attempting  to  move  them  up  and  down  with  suuD 
pinch  bar  placed  under  the  crankshaft  to  test  the  main  bearingg  nd 
under  the  connecting  rod  caps  to  test  the  crank  pin  bearings. 

Q.    How  are  loose  bearinga  ^«&1 
A.     The  common  method  ol  ieaS«em%Viw«  \M*n&o^-vnMi^ 
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that  the  wear  is  not  abnormal,  is  to  remove  the  bearing  caps  and 
take  out  some  of  the  shims  usually  interposed  between  the  bearing 
caps  and  the  crank  case  portion  of  the  main  bearings,  or  between 
the  members  of  the  connecting  rod  bearings.  When  these  shims 
are  removed  the  bearings  are  brought  down  closer  to  the  shaft. 
In  order  to  prevent  the  box  from  bearing  at  only  one  point  on  the 
shaft  it  is  customary  to  scrape  the  bearings  to  fit.  The  connecting 
rod  bearings  wear  soonest,  on  account  of  their  projected  area 
being  less  than  that  of  the  main  bearing,  and  also  because  they  are 
subjected  to  the  full  force  of  the  explosion.  The  upper  half  of  the 
crank  case  of  a  typical  four  cylinder  motor  with  the  crank  shaft  and 
main  bearings  exposed  is  clearly  outlined  at  Fig.  290. 

Q.     Name  principal  cause  of  poor  lubrication  if  trouble  is  not 
in  oiling  system. 

A.     Poor  lubrication  may  result  from  the  use  of  unsuitable  oil 
or  from  clogged  passages  or  oil  grooves  at  the  bearings. 

Q,     Describe  troubles  of  pressure  feed  oiler  and  gravity  feed 
type. 

A.  If  the  oil  does  not  reach  the  manifold  fitting  from  which  the 
pipes  lead  to  the  bearings  to  be  lubricated,  the  first  thing  to  do 
is  to  examine  the  oil  tank  to  make  sure  that  there  is  a  proper  amount 
of  lubricant  therein.  The  next  point  is  to  see  that  there  are  no 
leaks  through  which  pressure  can  escape  and  that  the  check  valve 
through  which  the  air  or  exhaust  gas  is  admitted  to  the  oil  tank 
is  in  proper  working  condition.  If  the  sight  feed  glasses  fill  up  it 
is  a  sure  indication  that  oil  reaches  the  manifold  fitting  but  that 
pipes  leading  from  the  full  glasses  are  clogged  or  blocked  in  some 
manner  so  that  oil  does  not  reach  the  bearing  point.  Sometimes, 
there  may  be  sufiicient  pressure  on  top  of  the  oil  in  the  container 
to  cause  it  to  flow  but  the  oil  supply  pipe  may  be  clogged  up  or  the 
needle  valves  adjusting  the  flow  on  the  manifold  may  not  be  qpened 
enough  or  may  be  constricted  by  solidified  oil  or  wax.  If  a  sight 
feed  oiler  fills  up,  the  pipe  leading  from  that  member  to  the  bearing 
point  it  serves  should  be  removed  and  thoroughly  cleared  owt.  CL^sjsfe 
should  be  taken  with  pressiwe  feed  oiler  to  \3ka^  or^  XN^ferv^-sso^*^  ^ 
the  proper  viscosity,  aa  heavy  oils  are  uot  aAjwpV*^^  ^^"t  ^Xs^a  ^'^  ^ 
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of  lubrication.  Medium  bodied  oils  may  be  used  successfully  in 
simimer  while  only  light  oils  having  a  low  cold  test  should  be  em- 
ployed in  winter. 

Q.    Outline  main  troubles  with  mechanical  oilers. 

A.  The  simplest  form  of  mechanical  oihng  system  is  the  con- 
stant level  splash  feed  where  an  oil  pump  circulates  the  oil  from  the 
Bump  at  the  bottom  of  the  crank  case  to  the  compartments  in  which 
the  connecting  rods  dip.  The  main  trouble  with  a  system  of  this 
nature  is  failure  of  the  pump  or  pump  driving  means  or  the  filter 
screen  mesh,  that  insures  that  the  pump  will  only  take  in  clean  oil, 
becomes  clogged  with  particles  of  Unt,  carbon  or  other  substances. 


^  Cron/i  3/iOr'f 


\Tap//a/rCro/3A-cose 


As  these  fill  the  mesh  of  the  filter  screen  they  prevent  adequate 
quantities  of  oil  passing  through  the  system.  When  mechanical 
oilers  of  the  individual  pump  type  are  used,  a  fulure  of  the  entin 
device  to  supply  oil  may  be  ascribed  to  a  defect  in  the  driving  mem- 
ber, whereas  if  only  one  or  two  leads  are  at  fault  and  the  rest  function 
properly  the  trouble  is  local  and  is  probably  due  to  faulty  action 
of  the  inlet  or  discharge  check  valves  on  the  small  pumpa  supply- 
ing the  leads  through  which  no  oil  is  passing.  If  the  trouble  is  not 
in  the  pumpa  or  their  check.  vaVjes,  the  pipe  leading  to  the  bearing 
should  be  taken  off  and  cleaned  ouX.. 
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Q.  What  are  main  causes  of  overheating  when  thernu>* 
S3rphon  cooling  system  is  used? 

A.  If  a  motor  employing  a  nat'iral  circuliation  system  over- 
heats, this  condition  can  be  ascribed  more  often  to  defective  carbur- 
etion  or  lubrication  than  to  poor  cooling.  If  the  trouble  is  due  to 
the  cooling  system,  practically  the  only  thing  that  can  occur  is  con- 
stricting the  bore  of  one  of  the  rubber  hose  members  interposed 
in  the  pipe  line,  as  might  be  possible  if  the  inner  walls  of  the  hose 
deteriorated  and  allowed  particles  of  rubber  or  fabric  to  hang  down 
into  the  hose.  Sometimes  the  cylinders  may  be  full  of  scale  or  rust 
or  the  radiator  tubes  may  be  clogged  with  similar  material.  The 
presence  of  scale  or  rust  in  the  interior  of  the  water  jacket  is  not 
only  apt  to  produce  heating  by  impeding  the  flow  of  the  cooling 
water,  but  it  also  lowers  the  eflBciency  of  the  cooling  system  because 
less  heat  is  abstracted  from  the  cylinder  wall  or  combustion  chamber 
sides  if  these  members  are  coated  with  scale  that  keeps  the  water 
from  being  directly  in  contact  with  the  heated  metal. 

Q.     What  are  the  main  defects  of  a  pump  circulating  system? 

A.  The  main  cause  of  overheating  with  a  forced  water  circu- 
lation system  of  cooling  is  failure  of  the  pump  drive  or  some  defect 
in  the  pump  itself  that  prevents  circulation.  The  pipes  may  be 
filled  with  sediment  or  scale  or  there  may  be  accumulations  of 
rust  or  sediment  in  elbows  or  similar  connections  included  in  the 
pipe  line.  One  common  defect  that  often  causes  overheating  with 
either  natural  or  forced  circulation  is  failure  of  the  fan  driving  belt. 

If  the  radiator  tubes  are  filled  with  scale,  this  material  may  be 
removed  by  filling  the  radiator  with  some  solution  adapted  to  cut 
the  scale.  In  some  sections  of  the  country,  hot  washing  soda  so- 
lution will  soften  the  accumulations,  whereas  the  water  in  other 
districts  makes  it  necessary  to  use  some  dilute  acid  instead.  If  the 
only  running  water  available  contains  matter  that  will  form  scales 
it  will  be  well  for  the  motorist  to  use  only  distilled  or  rain  water 
in  the  cooling  system. 

Q.     How  will  defective  lubrication  cause  heat? 

A.     If  the  cooUng  system  is  at  fault  and  ^xo^^x  o^^xi^^^^  ^ 
lubricant  arenofc  supplied  to  the  cylinders,  tYxete  ^f^Xi^  TSNk.Oa.^'^w's*^ 
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absorbed  in  friction  and  wherever  friction  is  present  heat  will 
always  exist.  An  engine  that  is  heating  up  unduly  is  generally 
one  that  is  not  lubricated  properly  or  that  is  burning  too  rich  mix- 
ture of  gas  if  the  trouble  is  not  in  the  cooling  system. 

Q.  How  will  defective  mixture  cause  heat,  and  how  is  car- 
buretor adjusted  to  overcome  this  condition? 

A.  A  mixture  that  contains  too  much  gasoline  vapor  will  be 
slow  burning  and  will  have  more  heating  value  without  producing 
correspondingly  more  power  than  one  of  proper  proportions  or 
having  an  excess  of  air.  As  combustion  is  not  perfect,  the  engine 
will  not  deliver  its  full  power  and  the  surplus  heat  liberated  every 
explosion  must  be  absorbed  by  the  cooling  system.  The  carburetor 
adjustment  varies  with  the  type  of  instrument  used,  but  as  a  general 
rule,  the  overheating  may  be  reduced  by  either  closing  down  the 
needle  valve  regulating  the  fuel  supply  so  that  less  gasoline  will 
be  sprayed  into  the  mixture  or  by  opening  the  air  valve  to  admit 
more  air  and  thus  dilute  the  rich  gas. 


LESSON  THIRTY-THREE 
TROUBLES  WITH  POWER  TRANSMISSION  PARTS 

Q.    What  are  the  main  clutch  troubles? 

A.  The  main  clutch  troubles  are  either  harsh  engagement* 
failure  to  release  promptly,  or  slipping  which  means  that  the  clutch 
will  not  transmit  the  full  power  of  the  engine. 

Q.    What  is  the  main  cause  of  slipping? 

A.  If  a  clutch  is  a  cone  type,  as  shown  at  Fig.  291,  failure  to  driv^ 
properly  is  often  due  to  a  defective  leather  facing  which  may  be 
either  oil  soaked  so  that  it  slips  or  glazed  over  so  it  does  not  have 
the  proper  amount  of  frictional  adhesion  with  the  female  member. 
The  spring  holding  the  parts  in  contact  may  be  weak  or  broken  or 
the  spring  tension  adjustment  may  have  jarred  loose  and  unscrewed 
so  the  spring  does  not  exert  sufl5cient  pressure  to  keep  the  parts  in 
proper  frictional  contact. 

Q.     What  is  the  reason  for  harsh  engagement? 

A.  If  the  clutch  leather  is  dry  or  charred  the  clutch  is  apt  to 
engage  suddenly. 

Q.    What  can  be  done  to  make  the  cone  clutch  engage  easily? 

A.  If  the  leather  facing  is  charred  or  worn  too  much  it  should 
be  replaced  with  a  new  one,  whereas  if  it  has  only  become  dry  it 
may  be  softened  by  applying  kerosene,  neatsfoot  or  castor  oil  to 
the  leather  facing  to  soften  it.  Sometimes  harsh  engagement  is 
due  to  defective  or  imperfect  clutch  design  in  which  case  it  can 
only  be  eliminated  by  changing  the  clutch  structure  in  some  manner 
so  that  springs  may  be  inserted  under  the  leather  or  cork  inserts 
may  be  applied  in  a  clutch  cone. 

Q.    What  is  an  emergency  treatment  for  slipping  cone  clutch? 
A.     If  a  clutch  is  slipping  because  of  too  tcoolOcl  <3^  \i^\r«^^5s». 
leather  facing  and  flywheel,  the  surplvis  \\}ibx\^«bsv\,  xcia^j  \i^  ^^o&Ks^a^ 
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Fig.  291. — Sectional  View  of  Typical  Leather-Faced  Cone  Clutch 
Showing  Points  Where  Deterioration  Will  Interfere  VfiA  Propo 
Clutch  Operation. 

by  fuller's  earth,  talcum  powder  such  as  used  for  tires,  or  borax. 
Sand  or  gravel  from  the  road  should  never  be  used  because  these 
substances  are  apt  to  cut  the  leather  facing  or  destroy  the  smooth 
finish  of  a  cast  iron  member. 

Q.    What  should  be  done  if  a  clutch  fails  to  drive  properly? 

A.     The  first  thing  to  look  at  is  the  condition  of  the  leather  mr> 

faces  and  these  should  be  brought  to  proper  condition  before  anT^ 

thing  else  is  done.     The  leather  should  be  soft,  springy  and  yrt 

jiot  too  oily.     If  it  is  burnt  or  c^iatred  oi  i^Ksed  over,  slipping  ]■ 

unavoidable.     The  clutch  apimi^  ani  IbsAkeob^  ^D!»&&.  \ 


Power  Transmission  Troubles  52S 

examined,  and  if  there  is  a  clutch  and  brake  interlock  the  various 
levers  comprising  this  assembly  should  be  examined  to  see  that 
they  are  in  proper  adjustment  and  not  holding  the  cone  out  of 
engagement. 

Q.     What  can  be  done  if  clutch  spring  is  weak? 

A.  In  almost  all  clutches  means  are  provided  for  increasing 
the  tension  of  a  clutch  spring  if  desired.  If  that  member  has  weak- 
ened, it  should  be  compressed  more  tightly  by  means  of  the  adjust- 
able member  or  members  provided  for  that  purpose.  If  adjust- 
ment does  not  produce  positive  driving,  then  the  spring  should  be 
replaced  with  a  member  of  proper  strength. 

Q.  If  a  cone  clutch  does  not  disengage,  where  should  trouble 
be  looked  for? 

A.  The  first  thing  to  examine  is  the  clutch  operating  pedal  and 
the  various  members  by  which  it  is  connected  to  the  clutch  shift- 
ing yoke.  There  may  be  enough  lost  motion  at  the  various  con- 
nections so  that  a  full  sweep  of  the  pedal  does  not  produce  full 
movement  of  the  clutch  cone.  If  the  clutch  actuating  levers  op- 
erate properly  the  next  point  to  examine  is  the  ball  thrust  bearing 
taking  the  spring  pressure.  If  there  is  a  broken  ball  or  if  it  is  gum- 
med up  with  old  dried  grease  the  tendency  of  the  clutch  spring 
will  be  to  drive  the  clutch  cone  even  if  that  member  is  not  in  en- 
gagement with  the  flywheel.  There  will  be  suflBcient  friction  at 
the  thrust  bearing  if  that  member  does  not  function  properly  so  ^ 
that  it  will  turn  with  the  engine  shaft  and  its  motion  will  be  trans- 
ferred through  the  spring  to  the  clutch  cone.  The*  bearing  that 
supports  the  clutch  cone  may  wear  enough  so  the  cone  will  drop 
far  enough  to  drag  at  its  lower  portion  even  when  released.  This 
also  will  prevent  prompt  disengagement.  Sometimes  the  clutch 
cone  bearing  becomes  dry  and  will  seize  on  the  shaft.  If  much 
friction  exists  between  the  shaft  and  the  clutch  cone  bearing  the 
cone  will  be  carried  around  by  the  adhesion  between  these  members 
and  while  it  may  not  stick  tightly  enough  to  drive  the  car  it  will 
continue  to  rotate  long  enough  after  the  sprui^"^T^'e^>;a^Ss.^^^'«s»^'^^ 
so  that  gear  shifting  will  be  difficult. 
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Q.  What  are  principal  troubles  with  multiple  disc  c 
A.  A  typical  multiple  disc  clutch  assembly  is  shown  at  ] 
This  form  of  clutch  is  subject  to  the  same  derangements 
cone  clutch  is  heir  to,  i.  e.,  it  may  slip  and  not  transmi 
effectively,  it  may  fail  to  release  or  it  may  engage  harshly, 
been  explained  in  a  previous  lesson,  multiple  disc  clutcbc 
two  forms,  those  designed  to  operate  without  lubrication  a 
forms  in  which  lubricant  is  necessary.  If  the  surfaces  of 
of  the  dry  plate  form  become  coated  with  lubricant  it  will 
will  not  transmit  its  power  effectively.  At  the  other  h&n 
surfaces  of  a  type  designed  to  run  in  oil  get  dry  the  clutch 
only  engage  harshly  but  will  drag  and  f^  to  release  p 


Fig.  292.— Typical  Multiple  Disc  Clutch  of  the  Dry  Pbte 

If  a  dry  plate  clutch  engages  too  suddenly,  the  friction 
or  the  clutch  disc  should  be  examined  to  make  sure  that 
in  proper  condition.  If  the  clutch  plates  are  faced  vi 
friction  material,  any  defect  in  that  member  will  cause  tax 
as  in  a  cone  clutch.  If  the  friction  facing  becomes  ch 
0azed  over  it  will  engage  harshly  whereas  if  it  becomei 
with  oil  it  is  apt  to  slip. 

Q.    How  can  clutch  "spinning"  be  prevented? 

A.     Continued  rotation  of  the  driven  clutch  i 
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the  cone  or  driven  plate  assembly,  when  foot  lever  is  depressed  and 
clutch  is  supposed  to  be  out  of  action  may  be  eliminated  by  over- 
coming the  defective  condition  producing  this,  such  as  restoring 
the  ball  thrust  bearing  or  bearing  on  which  the  cone  rotates  if  these 
produce  drag;  by  smoothing  the  friction  surfaces  of  an  all  metal 
clutch  or  cleaning  out  the  charred  or  thickened  lubricant  if  that  is 
at  fault.  If  the  trouble  is  inherent  with  the  clutch  design  employed, 
then  some  simple  form  of  clutch  brake  may  be  fitted  as  previously 
described. 

Q.    Why  is  it  undesirable  to  have  "spinning"  clutch? 

A.  If  the  clutch  does  not  release  promptly  and  the  driven  mem^ 
ber  continues  to  rotate  when  pedal  is  depressed  it  will  be  diflBcult 
to  shift  gears  promptly  and  quietly.  The  clashing  of  the  teeth 
produces  rapid  depreciation  of  the  driving  gears  and  the  gearset 
is  noisy  all  the  time  it  is  in  use. 

Q.    What  causes  "friction"  transmission  to  slip? 

A.  The  slipping  of  friction  disc  drive  is  often  due  to  accumula- 
tions of  lubricant  on  the  face  of  the  driving  wheel.  This  reduces 
the  friction  adhesion  and  even  the  full  pressure  exerted  at  the  actu- 
ating pedal  may  not  be  sufficient  to  insure  positive  drive  under 
severe  conditions  of  operation.  The  surplus  lubricant  may  be  wash- 
ed off  the  aluminum  driving  surface  with  gasoline  and  the  cleaned 
surface  may  be  dusted  over  with  talc  or  fuller's  earth  to  absorb  any 
lubricant  not  cut  by  the  gasoline.  If  slipping  is  not  due  to  oily 
driving  surfaces,  it  is  caused  by  wear.  After  a  time  the  friction 
facing  on  the  driven  wheel,  which  is  usually  a  ring  of  strawboard 
fiber,  becomes  broomed  out  and  will  not  contact  properly  with  the 
driving  wheel.  This  condition  is  apt  to  materialize  if  too  much 
pressure  is  exerted  against  the  pedal  for  ordinary  driving,  but  it  is 
inevitable  even  if  extreme  care  is  taken  in  operating  though  not 
apt  to  become  serious  for  2,500  to  3,000  miles.  The  rings  are  not 
expensive  and  are  easily  replaced.  If  the  surface  of  the  driving 
member  becomes  roughened  or  scored  it  will  not  be  possible  for  the 
fiber  ring  to  bear  evenly  its  full  width  so  its  capacity  will  be  tedv^jy^^ 
in  proportion  to  the  decrease  in  effective  V^e^ivrL^  \^^^»    ^Y^^^  '^^s^- 


526  Questions  and  Answers 

face  of  the  aluminum  wheel  must  be  true  and  smooth  and  if  that 
jnember  has  become  worn  so  a  series  of  uneven  circular  grooveB 
or  tracks  concentric  with  the  outer  periphery  exist  on  its  face, 
it  must  be  put  in  a  lathe  and  faced  off  until  the  bearing  surface  is 
in  proper  condition. 

Q.  Why  is  it  necessary  to  have  center  line  of  cross  shaft 
coincide  with  that  of  driving  disc? 

A  If  the  bearings  supporting  either  the  cross  shaft  carrying 
the  fiber  faced  wheel  or  the  drive  shaft  to  which  the  aluminum  disc 
is  fastened  wear  sufl5ciently  to  permit  either  member  to  sag,  it 
will  be  difficult  to  keep  the  driven  wheel  in  position  as  it  will  have 
a  tendency  to  work  to  one  side  or  the  other  of  the  aluminum  wheel. 
In  order  to  have  the  wheel  stay  in  place  it  will  be  necessary  to  ad- 
just the  bearings  so  the  center  fines  of  the  cross  shaft  and  drive 
shaft  are  on  the  same  plane. 

Q.  What  causes  high  speed  clutch  of  planetary  gearset  to 
slip? 

A.  If  the  clutch  actuating  leverage  wears  or  the  driving  membere 
or  plates  wear  a  little,  or  if  the  spring  is  weak  or  broken,  the  drive 
wiU  not  be  positive  and  it  wiU  be  necessary  to  adjust  the  set  screws 
in  the  clutch  fingers  by  screwing  them  in  so  the  discs  will  be  held 
together  with  more  pressure.  The  planetary  gearset  shown  at  Fig. 
293  is  the  type  used  on  Ford  cars  and  the  method  of  adjusting  the 
high  speed  clutch  fingers  is  typical  of  that  form  of  gearing.  The 
phantom  view  at  Fig.  161a,  Page  290,  shows  the  various  adjustments 
much  more  clearly.  Care  should  be  taken  not  to  tighten  the  set 
screws  too  much  as  it  will  be  difficult  to  release  the  clutch  and  the 
precaution  should  also  be  taken  to  screw  dovm  each  set  screw  in  the 
fingers  the  same  amount.  If  one  set  screw  is  tightened  more  than  the 
others,  the  discs  wiU  be  held  together  only  at  one  point  and  the 
clutch  spring  pressure  will  not  be  exerted  uniformly  all  over  the  disc 
surface.  Care  should  also  be  taken  that  the  clutch  lever  screw  (See 
Fig.  161a)  is  not  screwed  down  so  much  in  the  clutch  lever  that  it 
keeps  the  spring  from  exerting  its  full  pressure  on  the  ctutdi 
discs. 
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Q.  Suppose  the  low  speed  or  reverse  motion  of  a  planetary 
gear  does  not  engage,  what  can  be  done  to  remedy  the 
slipping  ? 

A.    As  previously  explained  the  slow  and  reverse  speeds  in  a 


V  speed  and  Reverse  Bands. 
Planetary  Gears 


Fig.  893.— View  of  Planetary  Gearing  Used  on  the  Ford  Model  T  Car 
Showing  Clutch  Discs  and  Brake  Bands. 

planetary  gearset  are  usually  engaged  by  tightening  a  brake  band 
around  one  of  the  drums  in  which  the  gearing  is  carried.  In  the 
gearset  shown  at  Fig.  293,  the  band  nearest  the  fly  wheel  engages 
the  reverse  ratio  while  the  other  serves  as  a  clutch  member  for  the 
slow  speed  drum.  Failure  of  these  speeds  \«  eoigji^  \%  ??fiQss^Ss^ 
due  to  Bopping  brake  bands.     In    ttie  (E|ea.tafc\  -vro&w  S\sk»s«j*-«^ 


I- 
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th3  brake  bands  may  be  easily  adjusted  by  releasing  the  lock  nut 
B  and  screwing  in  the  adjusting  screw  C  until  the  band  will  hold 
In  a  positive  manner.     Two  such  adjusting  screws  are  provided  on 
the  bottom  of  the  gearcase.     That  nearest  the  front  of  the  car  serves  j 
for  adjusting  the  reverse  band,  the  other  acts  as  a  tightener  for  the  f 
slow  speed  band.     Care  should  be  taken  not  to  adjust  the  bands  f 
eo  they  will  bind  when  the  clutching  action  is  not  desired.    If  the  {< 
adjusting  screw  is  turned  in  to  its  limit  and  the  brake  band  still 
Blips  it  is  an  indication  that  the  brake  linings  are  worn  to  a  point 
where  renewal  s  necessary. 

Q.  Suppose  transmission  case  containing  planetary  gearing 
gets  hot,  what  does  this  indicate? 

A.  A  heated  planetary  gear  case  is  caused  by  either  a  Blipping 
or  binding  brake  band  or  by  lack  of  lubricant  between  the  bearing 
surfaces.  The  trouble  is  usually  remedied  by  adjusting  the  brake 
bands  so  they  release  promptly  when  no  pressure  is  applied  to 
tighten  them. 

Q.  What  causes  noisy  operation  of  gearing  on  low  or  reverse 
speeds? 

A.  If  the  lubricating  oil  used  in  a  planetary  gearset  does  not 
have  sufficient  body  to  cushion  the  gear  action,  this  form  is  apt  to 
be  noisy  even  when  new.  At  the  other  hand,  no  matter  how  tho^ 
oughly  one  oils  the  gearing,  any  wear  in  gear  teeth  or  pinion  and 
drum  bearings  will  produce  noise  which  will  be  present  at  all  times 
except  when  the  car  is  on  direct  drive. 

Q.  What  causes  noisy  operation  of  sliding  gears? 
A.  A  plan  view  of  a  typical  four  speed  gearbox  is  shown  at  Rg. 
294  with  the  points  where  depreciation  can  be  expected  clearly 
outlined.  As  noisy  operation  is  due  to  improper  meshing  of  gears 
any  condition  that  prevents  gear  teeth  from  fitting  properly  will 
produce  grinding  sounds.  If  the  bearings  are  worn  or  out  of  ad- 
justment sufficiently  so  the  main  and  counter  shaft  center  linea 
are  not  in  alignment  it  will  be  impossible  to  have  correct  gear  en- 
gagement. If  the  gear  teeth  have  become  burred  or  battered  by 
careless  shifting,  or  if  they  have  ^oitl  m  ^tvlee  so  considerable 
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looseness  exists  between  the  teeth,  power  cannot  be  tran 
smoothly  on  account  of  the  lost  motion. 


^e.^/fc^ 


Fig.  295.— Sectional  View  of  Reo  Three  Speed  Selective  O 
Showing  Arrangement  of  Important  Gcbtb,  Shift  Memb 
Bearings. 

Q.  What  prevents  sliding  gears  from  engaging  promj 
A.  If  the  gear  teeth  are  burred  so  that  some  of  the  d 
metal  fills  parts  of  the  tooth  space  or  if  the  main  and  couni 
center  distances  have  changed  through  bearing  deprecii 
other  causes  it  will  be  very  difficult  to  engage  the  gear  teeth  pi 
Sometimes  the  shifter  yoke  actuator  rods  may  bind  in  th« 
ings  or  the  hand  control  lever  employed  to  shift  the  gears  m 
stifBy.  If  the  gears  are  in  proper  condition  and  the  shaft ' 
have  not  worn  appreciably  any  trouble  in  g^ar  shifting  ma 
tributed  to  /aulty  clutch  action.. 
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Q.    What  is  the  chief  cause  of  stripped  gears? 

A.  The  chief  cause  of  broken  or  stripped  gears,  provided  that 
these  are  adequately  strong  for  the  work  they  are  to  do,  is  attempt- 
ing to  shift  to  the  gears  without  fully  releasing  the  clutch.  Some- 
times particles  of  metal,  such  as  slivers  ground  off  of  the  gears  when 
they  are  carelessly  shifted,  will  get  into  the  bearings  and  after  caus- 
ing depreciation  at  these  points  larger  particles  of  the  metal  such 
as  broken  balls  or  rolls  may  get  between  the  gear  teeth  and  seriously 
damage  these  members. 

Q.    Describe  care  of  driving  chains  and  sprockets. 

A.  To  secure  eflScient  operation  of  driving  chains  it  is  impera- 
tive that  these  be  kept  clean  and  in  proper  adjustment.  If  the 
chains  are  allowed  to  get  dirty  the  grit  that  accumulates  on  the  siur- 
f aces  will  wear  out  the  sprockets  very  fast  and  some  of  the  abrasive 
matter  will  also  wear  the  driving  chain  rolls.  It  is  good  practice 
to  remove  chains  at  least  every  five  hundred  miles  and  clean  these 
thoroughly  by  immersing  in  a  bath  of  kerosene  oil,  allowing  them 
to  soak  until  all  grit  is  washed  out.  They  are  then  immersed  in 
lubricant  composed  of  mineral  grease  and  graphite  which  has  been 
heated  so  it  is  fluid  enough  to  penetrate  all  the  crevices  of  the  chain. 
After  the  chain  has  been  suflSciently  lubricated  it  is  taken  out  of 
the  hot  oil  and  is  allowed  to  drain.  The  sprocket  should  be  thor- 
oughly cleaned  and  if  the  teeth  are  worn  hook  shape  the  sprocket 
may  be  reversed,  if  it  is  removable,  so  the  hook  side  of  the  teeth  will 
come  in  action  only  when  the  reverse  gear  is  employed.  In  this 
way  it  is  possible  to  obtain  greater  life  from  worn  sprockets,  though 
the  best  method  of  repair  will  be  to  replace  the  worn  members. 

The  small  sprockets  on  the  drive  shaft  or  at  the  end  of  the  coimter 
shaft  will  wear  much  sooner  than  the  large  sprockets  on  the  driving 
wheels.  If  sprockets  and  chain  are  worn  it  is  best  to  renew  sprockets 
as  well  as  the  chain  instead  of  trying  to  run  a  new  chain  on  the  old 
sprockets.  Chain  breakages  are  due  principally  to  worn  rivets  or 
side  plates  which  reduce  the  strength  of  some  of  the  links,  whereas 
rapid  wear  of  the  chains  may  be  attributed  to  lack  of  proper  lubri- 
cation and  cleanliness.  Drive  chains  should  be  adjusted  so  that 
there  is  some  slack  in  the  chain.  If  the  radius  rods  are  screwed 
up  too  tightly  so  the  chain  is  under  tension  it  will  not  only  produce 
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considerable  noise  but  is  apt  to  snap.  Chains  are  tightened  by 
lengthening  the  radius  rod  extending  from  the  jack  shaft  to  the 
rear  axle. 

Q.    What  parts  of  shaft  drive  system  are  apt  to  cause  troubk? 

A.  The  parts  of  a  shaft  drive  system  that  may  cause  noisy  drive 
are  worn  universal  joints  and  drive  gears.  The  only  condition 
that  will  cause  failure  to  drive  is  either  breaking  or  shearing  of  the 
propeller  shaft  (which  seldom  happens)  the  shearing  of  a  key  or 
driving  pin  in  a  universal  joint  hub  and  the  failure  of  the  fastemng 
means  that  hold  either  the  bevel  drive  pinion  on  the  propeller  shaft 
or  the  ring  gear  on  the  differential. 

Q.  How  is  wear  in  universal  joints  indicated,  and  how  can 
it  be  remedied? 

A.  If  universal  joints  are  worn,  this  condition  will  be  evidenced 
by  a  clicking  or  knocking  sound  when  the  clutch  is  engaged  or  the 
drive  interrupted  and  when  the  brakes  are  applied.  The  wear  is 
usually  present  in  the  universal  joint  cross  or  the  pins  on  which  tMs 
member  oscillates.  Most  universal  joints  are  provided  with  bronse 
bushings  that  may  be  driven  out  and  replaced  with  new  members 
when  they  wear.  If  the  pins  are  worn,  new  case  hardened  members 
may  be  inserted.  If  a  universal  joint  is  properly  lubricated,  it 
is  not  apt  to  depreciate  rapidly,  so  where  these  members  are  run 
in  exposed  locations  it  will  be  well  to  house  them  in  a  leather  bag 
which  can  be  filled  with  the  lubricant.  This  serves  as  a  protection 
against  grit  and  also  insures  that  the  joint  will  be  properly  lubricated 
as  the  presence  of  grease  between  the  working  surfaces  of  the  joints 
will  cushion  the  shock  present  while  driving  and  even  if  the  parts 
wear  to  some  extent  the  joint  will  not  be  noisy  in  action. 

Q.    What  are  main  defects  of  driving  gears? 

A.  Provided  that  the  teeth  are  not  worn  unduly  and  that  the 
bearings  supporting  the  differential  casing  and  bevel  pinion  drive 
shaft  are  not  worn,  noisy  operation  of  the  gears  indicates  either 
lack  of  lubricant  or  poor  adjustment.  If  gears  are  not  properly 
lubricated  or  are  meshed  too  deeply,  there  will  be  a  continuous 
finding  noise  in  the  rear  axle  all  the  time  the  car  is  in  operation. 
If  the  insertion  of  new  mineral  gceaa^  \Ti\)cL^  &%.^^c^T^^Vi<»isin|[doei 
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not  silence  the  noisy  action,  the  gears  should  be  inspected  to  see 
that  the  teeth  are  not  worn  too  much  and  that  they  are  meshed 
properly.  If  there  is  too  much  play  between  the  gears,  there  is 
apt  to  be  a  rattle  or  knocking  in  the  rear  axle  instead  of  a  grinding 
noise.  If  considerable  looseness  exists  between  the  gear  teeth, 
an  effort  should  be  made  to  eliminate  practically  all  lost  motion 
by  moving  the  entire  differential  assembly  nearer  to  the  bevel 
pinion  which  can  be  easily  done  in  most  forms  of  floating  axle  or 
by  meshing  the  pinion  more  deeply  in  the  ring  gear. 

Q.  Does  differential  gearing  ever  give  trouble,  and  how  is  it 
evidenced? 

A.  The  differential  gearing  of  most  cars  is  so  strongly  made 
and  so  simple  in  construction  that  it  is  not  apt  to  cause  trouble. 
Differentials  of  the  bevel  pinion  type  which  have  stronger  teeth 
are  not  so  apt  to  become  broken  as  are  those  of  the  spur  pinion 
type.  If  the  differential  is  not  functioning  properly  there  will  not 
only  be  difficulties  in  steering  but  there  may  actually  be  a  failure 
in  the  final  drive.  The  most  common  differential  gear  trouble  is 
stripped  pinion  teeth.  Sometimes,  in  cases  where  a  differential 
has  been  used  for  some  time,  the  gear  teeth  may  become  sufficiently 
worn  so  they  will  break  off.  The  only  remedy  for  this  defective 
condition  is  to  remove  the  entire  differential  assembly  from  the 
rear  axle  and  substitute  new  gears.  A  differential  is  apt  to  be 
noisy  in  action  if  the  pins  on  which  the  gears  revolve  become  worn. 
If  the  driving  keys  or  pins  by  which  the  live  axle  shafts  attached 
to  the  wheels  are  driven  become  loose  they  are  apt  to  shear  off  and 
failure  of  drive  is  inevitable. 


LESSON  THIRTY-FOUR 

CHASSIS  TROUBLES  AND  ELIMINATION 

Q.    What  can  be  done  if  frame  side  member  sags  after  it  hat 
been  in  service  for  a  time? 

A.  The  weakened  frame  member  may  be  re-enforced  by  means 
of  an  internal  steel  plate  that  fits  in  the  channel  and  which  ex- 
tends as  far  as  possible  on  each  side  of  the  weak  point  or  the  frame 
may  be  brought  back  in  place  and  kept  in  line  by  means  of  a  simple  ' 
turnbuckle  truss  rod  which  extends  from  one  end  of  the  frame 
member  to  the  other. 

Q.    Why  must  frame  members  be  straight? 

A.  If  the  frame  members  sag  and  the  transmission  and  power 
plant  are  separate  units,  these  members  will  get  out  of  line  and 
tonsiderable  binding  of  the  clutch  or  gearset  bearings  may  result 

Q.    What  happens  if  frame  rivets  are  loose? 

A.  If  the  rivets  by  which  the  various  gusset  plates  and  croflB 
members  are  secured  to  the  frame  side  members  become  loose  the 
frame  structure  is  seriously  weakened.  If  the  rivets  have  become 
worn  and  the  holes  enlarged  it  will  be  necessary  to  replace  them  with 
larger  rivets  which  must  be  forced  tightly  in  the  enlarged  hole  and 
then  securely  hot  riveted  in  place.  A  frame  having  loose  rivets 
is  apt  to  squeak  and  will  not  maintain  the  proper  alignment  between 
the  engine  and  the  gearset. 

Q.     What  attention  do  springs  need? 

A.     Springs  require  very  little  attention,  the  main  points  bdng 

to  keep  the  spring  clips  tight  and  to  keep  the  spring  shackle  bolts 

oiled.     The  springs  should  not  be  allowed  to  get  rusty  because  their 

smooth  action  will  be  impeded  if  rust  accumulates  between  the 

laminse  or  leaves  of  which  the  spim^^a  composed. 

5^ 
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What  is  a  sure  indication  of  rusty  springs,  and  liow  can 
prevented? 
If  springs  are  rusty,  either  at  the  spring  Bhackles  or  between 
eaves,  a  squeaking  sound  will  be  heard  whenever  the  car  is 
ited  over  roads  requiring  much  spring  action.  This  squeak- 
lay  be  easily  prevented  by  separatmg  the  leaves  of  the  spring 
Dserting  oil  or  graphite  grease  between  them. 


3/oc/(QrU/oocf     ....^,,^ 


296u — Uethods  of  Making  Emergency  Spring  Repairs  Ontlioed. 

What  causes  spring  breakage? 

If  a  car  is  driven  at  high  speed  over  very  rough  roads  or  if 
loaded  beyond  its  capacity,  the  springs  are  apt  to  be  deflected 
nd  the  safe  pcont  and  will  break  oq  the  rebound,  especially 
)  ^eels  strike  an  obstruction  or  drop  into  a  hole  in  the  road 
I  revolving  at  high  speeds. 

Describe  emergency  road  repair  in  event  of  spring  break- 

If  a  spring  breaks  at  the  center  where  the  bolt  ^oea  tbiQ'ut'ti 
9wn  at  A,  lig,  ^6,  it  may  be  raptured  lemv^Ta-TOL-;}  V}  ^^'<:&% 
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a  rubber  bumper  or  block  of  wood  over  the  break  and  putting  ij 
steel  bar  or  heavy  tire  iron  over  it  and  firmly  attaching  to  each  end] 
of  the  spring  by  leather  belt  lace,  rope,  or  wire.  If  the  break  is 
at  a  point  between  the  center  and  one  of  the  spring  eyes,  the  sfmng 
may  be  repaired  as  outlined  at  B,  Fig.  296.  In  this  case  the  block 
of  wood  is  placed  over  the  fracture  and  the  iron  bar  fastened  to  the 
spring,  as  indicated. 

A  useful  accessory  that  may  be  carried  in  the  tool  box,  as  it  o^ 
cupies  very  little  space,  is  outlined  at  Fig.  297.  This  spring  repair 
member  is  a  steel  forging  or  casting,  provided  with  a  pair  of  repair 
clamps  so  it  may  be  firmly  secured  to  the  sprinp  member.    This  is 


\ 
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Fig.  297. — How  the  Emergency  Spring  Repair  Member  is  Utilized 
When  a  Spring  Breaks  at  the  Center: 

a  much  better  temporary  repair  than  those  shown  at  Fig.  296  and 
the  repair  member  is  equally  useful  if  the  break  is  at  the  center  or 
if  it  is  near  the  end.  One  advantage  of  the  construction  is  that  it 
may  be  used  to  replace  one  of  the  spring  eyes,  should  that  member 
break  off.  If  a  spring  breaks  and  no  material  is  at  hand  for  repair- 
ing it  the  spring  may  be  relieved  of  the  car  weight  by  filling  the  space 
between  the  car  frame  and  the  axle  with  a  heavy  block  of  wood 
and  tying  this  securely  in  place  to  prevent  it  from  falling  out 
A  car  may  be  driven  several  hundred  miles  at  moderate  speed  ^dien 
repaired  in  this  manner  even  if  a  spring  is  broken  beyond  repair. 

Q.     What  is  the  main  cause  ol  \>^cVl  Va&\v  vo.  steering  gear? 
A.     The  main  cause  of  lost  mot\oTL  'm  >iXi^  «k«ecva%  ^f6»K  Nbl  ^sa^^nr 
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ciation  of  the  reduction  gears  and  wear  at  the  various  joints  on 
the  drag  link  or  tie-bar. 

Q.     How  is  lost  motion  in  gears  taken  up? 

A.  A  typical  steering  gear  assembly  and  front  axle  parts  are 
outlined  at  Fig.  298.  Lost  motion  between  the  gears  when  of  the 
form  shown  may  be  eliminated  by  removing  the  steering  arm  from 
the  worm  gear  and  turning  that  member  around  in  its  bearings  so 
that  new  teeth  come  in  contact  with  those  of  the  worm  on  the  steer- 
ing pillar  and  then  replacing  the  steering  arm.  The  wear  usually 
occurs  at  that  point  of  bearing  between  the  teeth  in  contact  when 
the  hand  wheel  is  set  in  the  straight  ahead  position  because  the 
irreversible  worm  gears  used  do  not  permit  the  steering  post  to  turn 
when  the  wheels  strike  an  obstruction  and  therefore  all  the  shock 
is  taken  on  the  teeth  of  the  gears. 

If  the  bearings  supporting  the  worm  gear  to  which  the  steering 
arm  is  attached  are  worn,  they  may  be  replaced  with  new  members 
so  there  is  no  lost  motion  at  the  bearing.  If  the  steering  post  has 
an  up  and  down  movement,  this  may  be  prevented  by  screwing 
down  the  adjusting  nut  at  the  top  of  the  gear  casing,  which  will 
bring  the  thrust  bearing  parts  in  closer  relation.  If  the  ball  thrust 
bearings  are  worn  imduly,  these  members  should  be  replaced. 
The  hand  wheel  should  be  firm  on  the  steering  post  as  sometimes 
the  key  by  which  it  is  fastened  may  wear  to  such  an  extent  that 
the  wheel  spider  will  be  loose  on  the  steering  column  even  if  the 
reduction  gears  are  tight.  Another  point  that  demands  inspection 
is  the  anchorage  of  the  wheel  rim  on  the  spokes.  Lost  motion  at 
the  other  points  in  the  steering  system  will  also  tend  to  produce  back 
lash  at  the  handwheel. 

Q.    What  causes  stiff  action  of  steering  gear? 

A.  If  the  joints  on  the  tie-bar  and  drag  link  become  dry  and 
the  bearings  of  the  worm  wheel  shaft  and  steering  post  are  not 
properly  lubricated  the  action  of  the  gearing  is  apt  to  be  stiff.  Some 
forms  of  steering  gears  may  be  adjusted  by  eccentric  bushings  which 
may  be  oscillated  to  bring  the  worm  and  worm  gear  in  closer  re- 
lation. If  the  bearings  are  turned  so  that  all  lost  motion  is  elim- 
inated with  the  gearing  in  the  straight  ahead  position,  the  action 
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s  apt  to  be  stiff  when  the  hand  wheel  is  turned  because  the 
eeth  that  have  not  worn  because  they  are  not  used  as  much  are 
irought  in  action  when  the  worm  is  rotated  to  either  extreme.  Some- 
imes  stiff  action  of  the  steering  gear  is  due  to  accumulations  of 
ust  between  the  steel  steering  post  and  its  surrounding  tube.  The 
teering  knuckle  spindle  bolts  also  are  apt  to  become  dry  and  will 
east  in  producing  stiff  action  when  in  this  condition. 

Q.     What  can  be  done  to  eliminate  lost  motion  in  other  parts 
3f  the  steering  sjrstem? 

A.  The  point  where  wear  is  more  apt  to  materialize  is  at  the 
relatively  small  bearings  on  the  tie-bar.  The  pins  passing  through 
bhe  steering  spindle  may  become  worn  or  the  bushings  in  the  spindle 
sunn  bosses  may  wear  oval.  This  lost  motion  may  be  easily  elimi- 
nated by  forcing  new  bronze  bushings  in  place  and  renewing  the  worn 
pins.  Owing  to  the  large  amoimt  of  bearing  surface  provided,  the 
steering  knuckle  bolts  are  not  apt  to  wear  imless  lubrication  has  been 
neglected.  These  and  the  bushings  in  the  steering  knuckles  are 
also  easily  replaced.  The  joints  at  the  end  of  the  steering  arm  on 
axle  and  steering  gear  are  apt  to  become  loose,  but  as  a  rule  these 
are  adjustable  ball  and  socket  joints  and  can  be  easily  tightened 
by  a  simple  adjusting  nut  that  brings  the  parts  into  closer  engage- 
ment. Wear  at  these  components  may  be  easily  detected  by  grasp- 
ing the  tie-bar  or  drag  link  firmly  and  seeing  if  they  will  move  either 
endwise  or  up  and  down  without  moving  the  wheels.  Wear  in  the 
steering  knuckle  bolt  may  be  detected  by  jacking  up  the  front  axle 
and  grasping  the  wheel  rim  at  top  and  bottom  to  see  if  there  is  any 
play  at  the  steering  knuckle.  There  are  two  points  in  the  steering 
system  that  must  be  inspected  frequently.  These  are  the  joints 
on  the  drag  link  and  those  on  the  end  of  the  tie-bar. 

Q.  How  can  depreciation  at  the  tie  bar  and  drag  link  yokes 
be  prevented? 

A  These  parts  should  be  lubricated  and  kept  clean.  A  good 
precaution  to  take  is  to  enclose  these  in  leather  bags  which  may 
be  securely  fastened  around  them  and  which  may  be  packed  with 
grease  so  the  joints  are  not  only  continuously  lubricated  b\it  ^se  ^<^ 
kept  £ree  of  dirt. 
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Q.    What  points  on  the  front  axle  are  liable  to  give  tr* 

A.  Practically  the  only  parts  that  need  inspection  on  th( 
axle  are  the  wheel  bearings  which  must  be  kept  in  proper  i 
ment.  Full  instructions  are  given  for  the  care  of  all  types  o 
friction  bearings  in  a  preceding  lesson. 
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Fig.  299. — ^Toggle  Actuated  Internal  Expanding  Shoe  Brake,  Sh< 
Adjustments  to  Compensate  for  Brake  Shoe  Wear. 

Q.     What  is  the  main  cause  of  stiff  control  lever  or 
action? 

A.  Accumulations  of  rust  at  the  bearing  points  of  the 
pedal  or  hand  lever  supporting  shafts  will  make  these  mi 
work  hard.  The  rods  may  spring  or  become  bent  and  this  al 
produce  friction  to  prevent  easy  operation.  These  membei 
be  freed  up  by  soaking  the  affected  parts  liberally  with  ke 
to  cut  the  rust  and  then  oil  the  bearing  points.  If  a  lever  su 
ing  rod  or  tube  is  sprung  or  bent  it  must  be  straightened. 

Q.     What  causes  brakes  to  slip? 

A.    Internal  brakes  such  as  illustrated  at  Figs.  299  and  8C 

slip  if  there  is  too  much  oil  between  \Xi^  \yc«J«Mi%  ^oA-ws^  <» 

^boes  are  worn  so  they  do  not  bind  ^BKffva\»  >Jto\sttaKft  ^pwa 
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proper  maimer.  Sometimes  the  brake  shoes  may  be  faced  with 
some  friction  material  and  when  this  wears  the  brakes  will  not 
engage  properly.  Often  the  friction  material  may  wear  down  so 
the  rivet  heads  by  which  it  is  held  are  Sush  with  the  surface 
of  the  material.  Under  these  conditions,  the  rivet  heads  bear  on 
the  brake  drums  instead  of  the  friction  material  and  owing  to  the 
very  limited  surface  the  retarding  action  is  not  sufficient  and  the 
brake  will  slip  even  though  maximum  pressure  is  apphed  at  the 
brake  pedal  or  hand  lever. 


VGAe-Dfum 


Fig.  300. — Cam  Actuated  Internal  Brake. 

Q.  What  means  are  provided  for  compensating  for  external 
brake  band  wear? 

A.  On  practically  all  brakes  of  the  external  form  the  band  is 
provided  with  some  method  of  compensating  for  depreciation. 
The  usu^  means  is  a  turnbuckle  or  screw  arrangement  that  permits 
one  to  take  out  lost  motion  by  tightening  the  band  a  little  more 
around  the  brake  drum.  If  the  brake  rattles  and  does  not  apply 
promptly  it  may  be  considered  an  indication  that  it  needs  adjust- 
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ment.  If  the  material  is  worn  down  so  the  steel  bands  are  exposed 
in  several  places,  the  friction  material  must  be  renewed  before  at- 
tempt is  made  to  adjust  the  brake. 

Q.  What  means  are  provided  for  allowing  for  wear  of  in- 
ternal brakes? 

A.  An  internal  expanding  brake  of  the  type  shown  at  Fig.  299 
may  be  adjusted  for  wear  by  loosening  the  lock  nut  M  and  the 
adjusting  nut  F  and  screwing  F  down  so  the  shoes  may  be  expanded 
to  some  extent  when  the  lost  motion  existing  between  F  and  the 
toggle  actuator  which  slides  on  the  threaded  rod  fastened  to  the 
brake  operating  bell  crank  is  prevented.  When  the  proper  amount 
of  adjustment  is  secured  the  lock  nut  M  is  screwed  down  tightly 
against  the  toggle  actuator;  bringing  the  toggle  actuator  nearer 
the  brake  drums  compensates  for  wear  of  the  shoes.  If  the  shoes 
are  worn  to  such  an  extent  that  adjustments  cannot  be  made  by 
moving  the  toggle  actuator,  the  pins  in  the  yoke  members  L  may 
be  removed  and  the  yokes  screwed  out  several  threads  after  which 
the  pins  are  again  replaced.  In  the  form  of  brake  outlined  at  Fig. 
300,  where  a  cam  is  used  to  spread  the  brake  shoes  instead  of  a 
toggle  leverage,  the  only  way  that  wear  between  the  surfaces  may 
be  corrected  is  by  shortening  the  cam  actuating  rod.  This  may 
have  a  turnbuckle  or  may  be  provided  with  a  thread  that  screws 
into  the  hub  of  the  yoke  member  by  which  the  rod  is  attached  to 
the  lever  that  rocks  the  cam.  Brakes  of  the  type  shown  sometimes 
employ  shoes  faced  with  Raybestos  or  similar  material  and  if  this 
wears  down  so  the  full  travel  of  the  cam  does  not  apply  the  brake 
properly  it  is  necessary  to  reface  the  brake  shoes.  Cast  iron  or 
bronze  shoes  must  be  replaced  with  new  members  when  worn  to 
a  point  where  adjustment  of  operating  lever  or  cam  is  futile. 

Q.     What  happens  if  brakes  are  adjusted  too  tightly? 

A.  If  the  band  of  an  external  brake  or  the  shoes  of  an  internal 
expanding  type  are  adjusted  so  that  they  bear  against  the  brake 
drum  at  times  when  there  is  no  pressure  at  the  foot  pedal  or  hand 
lever  they  will  bind  and  resist  rotation  of  the  drums  and  materially 
reduce  the  speed  and  power  of  the  car  because  of  the  friction  be- 
tween the  brake  drums  and  retarding  members. 
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Pig.  301. — HiscellaneouB   Points  on   the  Motor   Car  Chassis   Where 
Depreciation  Will  Produce  Noisjr  Operation. 

Q.     What  is  positive  indication  of  binding  brakes? 

A.  One  can  tell  if  the  brakes  are  binding  by  releasing  the  clutch 
and  attempting  to  coast  down  a  hill  without  using  any  of  the  engine 
power.  If  the  brakes  are  free  the  car  will  coast  without  difficulty 
aad  make  good  speed.  If  the  brakes  are  binding  to  some  extent 
they  will  hold  the  car  back  and  reduce  the  speed.  After  a  run  where 
the  brakes  have  not  been  applied  frequently  the  brake  drums  may 
be  examined  for  heat.  If  considerable  friction  has  been  present 
between  the  brake  members,  the  drums  will  be  so  hot  that  they  can- 
not be  touched  with  the  hand.  If  the  binding  is  not  remedied, 
the  friction  is  apt  to  become  great  enough  so  the  brake  lining  or 
laangB  will  be  bamt  or  charred  and  wiU  need  i«QVe>CfttQ!st&. 
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Q.    What  effect  does  wear  in  radius  rod  or  torque  rod  an^ 
chorage  have? 

A     A  typical  radius  rod  is  shown  at  B,  Fig.  301.     If  wear  ex- 
ists at  the  yoke  at  the  front  end  where  it  is  attached  to  the  jack 
shaft  or  at  the  rear  end  where  it  is  fastened  to  the  axle,  there  will 
be  considerable  rattle  and  knocking  while  the  vehicle  is  in  operation. 
These  sounds  will  be  more  in  evidence  on  rough  roads  than  on 
smooth  highways  because  axle  movement  is  greater.     The  wear 
commonly  occurs  on  the  bear  ng  pins  in  the  radius  rod  end.    If 
the  portion  is  wh  ch  the  pin  seats  is  bushed  the  bushing  may  be  re- 
placed, though  if  the  boss  is  of  sohd  metal  it  must  be  drilled  out, 
forming  a  large  size  hole,  and  a  larger  p  n  fitted.     Most  radius  rods 
used  for  chain  adjustment  are  provided  with  some  form  of  tum- 
buckle  so  the  rod  may  be  lengthened  or  shortened  to  increase  or 
reduce  chain  tension. 

A  number  of  points  in  the  brake  actuating  mechanism  where 
depreciation  will  cause  rattle  are  shown  at  A,  Fig.  301.  If  the  brake 
shaft  bearings  wear,  they  must  also  be  carefully  refitted  if  any  great 
amount  of  wear  exists  at  those  points.  Another  point  to  be  looked 
after  carefully  are  the  spring  shackle  Unks  and  spring  shackle  bolts 
as  depicted  at  C,  Fig.  301.  If  these  members  get  dry,  there  will 
be  considerable  squeaking,  whereas  if  too  much  lost  motion  exists, 
the  bolts  are  apt  to  wear  through  quickly  or  crystallize  and  break 
because  of  the  continual  hammering  action  and  vibration  they  are 
subjected  to  when  loose.  Many  mysterious  rattles  and  squeaks 
while  a  car  is  in  operation  have  been  eliminated  by  proper  attention 
to  the  various  minor  components  comprising  the  brake  rod,  radius 
or  torque  member  anchorage  and  spring  shackle  assemblies. 


LESSON  THIRTY-FIVE 
FIXING   TIRE   DEFECTS 

Q.     Describe  complete  outfit  for  care  and  repair  of  tires. 

A.  The  supplies  and  tools  necessary  for  tire  repair  depend 
entirely  upon  the  character  of  the  tires  the  vehicle  is  fitted  with 
and  whether  the  motorist  desires  to  make  temporary  or  permanent 
repairs  on  the  road.  An  important  accessory  that  is  usually  in- 
cluded in  the  outfit  of  all  cars  using  pneumatic  tires  is  shown  at  A, 
Fig.  302.  This  a  double  acting  tire  pump  of  large  size  and  is 
intended  to  be  operated  by  hand.  For  temporary  repairs,  the 
complete  tire  outfit  depicted  at  B  will  take  care  of  almost  anything 
that  may  happen  from  a  simple  puncture  to  a  blowout.  It  contains 
patches,  tire  tape,  tire  removing  and  applying  irons,  blowout  sleeve 
and  inner  liner,  emery  cloth,  fabric,  and  cement.  The  jack  illus- 
trated  at  C  is  a  powerful  form  adapted  for  all  types  of  cars  and  is 
operated  by  the  detachable  handle  B,  which  may  also  be  used  as 
a  lever  or  pry  when  making  tire  repairs.  In  order  to  make  a  sure 
repair  when  patching  an  inner  tube,  many  motorists  carry  a  *'cold 
vulcanizing"  outfit  in  which  the  cement  is  cured  by  acid  and  which 
will  make  a  much  more  secure  patch  than  the  plain  rubber  cement 
will.  On  some  heavy  cars,  capable  of  considerable  gpeed,  it  is  al- 
most impossible  to  make  the  average  cement  patch  hold,  and  a 
vulcanizing  set,  as  shown  at  E,  Fig.  302,  is  a  necessity. 

At  Fig.  303  a  number  of  tools  that  may  be  included  in  the  out- 
fit to  advantage,  provided  that  the  equipment  does  not  already 
include  a  repair  kit  of  the  type  shown  at  B,  Fig.  302,  are  outlined. 
The  pressure  gauge  is  a  useful  indicator  of  the  amount  of  pressure 
contained  in  the  tires  and  as  most  makers  recommend  a  definite 
amount  of  inflation  for  various  sizes  of  tires  it  is  well  to  have  n 
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Fig.    30a. — Complete    Tire    Repair    Outfit,    Enabling    the    Motorist  to 
Cope  with  Any  Form  of  Tire  Trouble. 

gauge  to  make  aure  that  they  are  blown  up  to  the  proper  point.  If 
a  casing  remains  on  the  rim  for  some  time  without  having  been  re- 
moved, it  is  apt  to  rust  or  become  so  tightly  wedged  in  place  that  it 
cannot  be  removed  by  the  ordinary  forms  of  tire  irons.  The  easing 
release  iron  illustrated  is  adapted  to  force  the  bead  of  a  heavy 
clincher  tire  out  of  the  rim  flanges  without  requiring  the  expendi- 
ture of  much  power.  The  four  tire  irons  are  supplied  to  remove  and 
apply  clincher  casings  and  are  useful  adjuncts  to  the  casing  release 
iron.  The  4  in  1  valve  tool  is  very  handy  when  it  is  needed  as 
sometimes  the  valve  may  be  damaged  when  removing  or  inserting  an 
inner  tube,  especially  if  the  valve  stem  is  carelessly  struck  with  the 
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tire  iron  to  remove  it.  If  the  threads  are  damaged  on  the  outside  of 
the  valve  stem  so  the  valve  cap  will  not  go  on,  the  threads  may  be 
reeut  by  using  a  small  die  in  the  center  of  the  tool.  If  the  thread  is 
damaged  on  the  inside  of  the  valve  stem  it  may  be  cleared  out  by 
using  the  tap  projecting  from  one  end  of  the  die  and  serving  as  a 
handle  by  which  it  may  be  turned.  The  other  projecting  arm  is 
a  key  to  unscrew  the  valve  inside,  while  the  short  projection  is  a 
face  reamer  or  cutter  for  removing  any  burr  that  will  prevent  the 
valve  cap  from  seating  securely  on  the  stem.  The  thermometer 
shown  is  the  standard  form  used  with  all  types  of  small  portable 
vulcanizers.  It  is  not  necessary,  unless  a  vuleanizer  is  carried  as 
part  of  the  equipment. 
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Other  parts  that  may  be  carried  to  advantage  are  shown  at  Fig. 
304,  Many  motorists  find  that  attempting  to  patch  an  inner 
tube  on  the  road  consumes  too  much  time  so  spare  tubes  are  carried 
in  a  suitable  case  and  are  inserted  in  place  of  the  damaged  member 
without  any  more  delay  than  is  necessary  for  replacing  one  tube 
with  another.  The  injured  tubes  may  be  repaired  at  leisure,  and 
carried  as  a  spare  when  restored  to  the  proper  condition.  The 
valve  inside,  valve  cap,  and  valve  cap  washer  of  the  standard 
shrader  valve  are  also  shovm.  It  is  well  to  always  have  at  least 
a  half  dozen  of  the  valve  insides  and  three  or  four  of  the  caps  and 
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rubber  washers  in  the  repair  kit.  One  or  two  of  the  valve  stem 
covers  which  protect  the  valve  stem  assembly  may  also  be  earned 
afi  these  are  sometimes  jarred  oflE  by  vibration.  A  box  of  cement- 
Ifess  inner  tube  patches  are  also  useful  in  event  of  trouble  with  the 
cement  or  vulcanizing  solutions.  These  are  coated  with  a  special 
cement,  which  is  made  ready  for  action  by  covering  the  treated 
side  with  gasoline  before  it  is  attached  to  the  tire.  The  ootaide 
blowout  shoe  and  the  inside  blowout  patch  shown  are  alao  osefnl 
in  e^es  of  serious  damage  to  the  outer  casing. 

Q.     What  kind  of  tires  are  most  liable  to  give  trouble? 

A.    Pneumatic  or  air  filled  tires  are  more  apt  to  give  tnmUfl 


Fiadng  Tire  Defects  5419 

than  solid  or  cushion  tires  but  at  the  other  hand  it  is  practically 
impossible  to  repair  either  solid  or  cushion  tires  on  the  road  because 
these  can  only  be  restored  to  efficiency  by  experts  familiar  with 
the  construction  and  compounds  used  in  making  them.  While 
the  pneumatic  tire  is  apt  to  give  some  trouble  repairs  may  be  made 
by  any  one  of  average  intelligence,  and  if  a  reasonably  complete 
repair  outfit  is  carried,  the  ordinary  run  of  tire  defects  is  not  apt 
to  cause  any  serious  delay  or  inconvenience. 

Q.     Name  principal  troubles  with  pneumatic  tires. 

A.  Pneumatic  tire  troubles  may  be  produced  from  two  causes; 
wear  or  weakening  of  the  outer  casing  and  various  inner  tube  de- 
fects which  will  permit  the  air  to  escape.  While  the  tire  is  in  use 
it  is  subjected  to  considerable  wear  on  account  of  the  abrading 
action  of  the  road  surface  and  the  casing  tread  may  depreciate 
without  affecting  the  inner  tube,  though  any  object  that  penetrates 
the  casing  is  apt  to  go  through  the  air  tube  as  well.  The  most 
serious  trouble  is  puncture  or  blowout  which  permits  the  air  to  es- 
cape, and  which  makes  changing  the  defective  tube  imperative 
before  the  journey  can  be  continued. 

Q.  What  are  the  troubles  incidental  to  solid  rubber  or 
cushion  tires? 

A.  Solid  rubber  or  cushion  tires  may  be  punctured  or  cut  with- 
out causing  any  immediate  trouble  though  all  incisions  and  abra- 
sions weaken  the  structure.  A  tire  of  either  of  these  forms  may  be 
cut  enough  so  that  it  is  apt  to  come  off  at  the  rim,  but  as  a  rule  the 
greatest  trouble  is  depreciation  due  to  natural  wea^r. 

Q.    What  are  causes  of  punctures? 

A.  Any  sharp  objects  in  the  roadway,  such  as  nails,  broken 
glass,  sharp  stones,  or  any  matter  of  that  nature,  are  apt  to  go 
through  the  casing  and  inner  tube  as  the  wheel  rolls  over  them. 
This  makes  a  hole  and  relieves  the  air  pressure  so  the  tire  becomes 
deflated  in  which  condition  it  is  not  suitable  for  use.  Punctures  are 
more  apt  to  occur  in  cities  than  on  country  roads,  and  are  more  apt 
to  result  after  tires  have  been  used  for  a  time  and  the  rubber  softens 
and  fabric  weakens  than  when  tires  are  new.    If  a  vehicle  i&  xisft.^ 
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continuously  on  oiled  roads  this  substance  will  produce 
tion  and  softening  of  the  rubber  composing  the  tread.  ] 
run  soft,  they  are  more  liable  to  be  punctured  than  are  p 
flated  casings. 

Q.  What  is  the  difference  between  a  puncture  anc 
out"? 

A.  A  puncture  usually  comes  from  outside  whereas 
is  often  due  to  defects  in  the  tire  itself. 

Q.    What  are  causes  of  **blowout"? 

A.    A  blowout  generally  results  when  the  fabric  at 
in  the  casing  becomes  too  weak  to  resist  the  air  pressure 
in  the  inner  tube.    If  a  cut  is  neglected  in  an  outer  cai 
is  apt  to  work  in  between  the  plies  of  fabric  comprising 
of  the  shoes  and  as  this  rots  the  textile  material  which  i 
on  to  give  the  casing  its  strength,  the  inner  tube  will  bl( 
when  the  fabric  can  no  longer  resist  the  air  pressure. 
a  sharp  stone  may  cut  through  the  casing  tread  and  t^ 
layers  of  the  fabric,  and  it  is  not  long  before  the  rest  ol 
deteriorates  at  the  weak  portion.     Blowouts  may  oc* 
tread,  in  the  side  wall  or  at  the  rim  channels,  whereaa 
gen^.rally  occur  on  the  tire  tread. 

Q.    What  is  the  best  method  of  repairing  punctu 

A.  The  best  method  of  making  a  permanent  repair 
tured  inner  tube  is  to  use  a  vulcanized  patch,  though  ter 
pairs  may  be  made  by  using  rubber  cement.  Vulcanizi 
done  by  either  hot  or  cold  process. 

Q.    What  is  hot  vulcanizing  process? 

A.  The  hot  vulcanizing  process  consists  of  repair! 
with  raw  rubber  which  is  vulcanized  or  joined  to  the  t 
application  of  heat.  Vulcanizers  are  simple  devices 
derive  their  heat  from  a  naked  gasoline  or  alcohol  fl 
resistance  coils  throjigh  which  an  electric  current  is  pas 
vulcanizer  is  shown  in  operation  at  Fig.  305.  It  consifir 
iron  or  aJuminum  body  portioii  ftlled  with  water  and  ha 
tral  aperture  in  wLich  the  ftam^  ol  \)cLfe\KmL^  ^s^s^ss^^sski^sj^ 
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may  be  naed  to  change  the  water  to  steam.  Other  forms 
merely  of  a  easting  heated  directly  by  the  flame  instead  of 
hot  water  or  steam.  The  body  portion  of  the  vuleanizer 
ided  with  lugs  by  which  it  may  be  fastened  to  the'  casmg  or 
gainst  the  tube  as  shown. 

itimes  the  vuleanizer  is  a  combination  form  having  curved 
t  faces  as  shown  at  A,  Fig.  306.  In  this  case,  the  device  is 
1  to  work  on  outer  casings  and  inner  tubes  simultaneously. 
)le  form  of  vuleanizer  suited  for  repairing  "inner  tubes  is 
it  B,  Fig.  306.  These  are  inexpensive  and  easily  used.  The  de- 
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isists  of  two  iron  castings  adapted  to  clamp  the  tube  between 
ne  of  the  eastings  carrying  studs  and  thumb  screws  so  the 
lember  may  be  clamped  tightly  against  the  inner  tube.  To 
ze  a  patch,  the  tube  is  clamped  in  place  between  the  two 
),  the  pronged  member  uppermost.  A  piece  of  specially  pre- 
■nbber  adapted  to  be  vulcanized  is  placed  over  the  puncture, 
ared  quantity  of  gasoline  is  poured  in  the  receptacle  forming 
the  upper  casting  and  is  ignited.  The  flame  of  the  burning 
)  sorroonds  the  conical  projections  which  conduct  the  heat 
bottom  of  the  plate  and  against  tb.e  pa\ft\i.    "^V^  -^UbXft.  Sa 
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ented  from  becoming  too  hot.  by  using  a  previously  determined 
itity  of  gasoline  in  the  cup  which  generates  just  enough  heat 
3mplete  vulcanization  without  any  possibility  of  burning  the 
.  These  simple  vulcanizers  are  generally  sold  complete  with 
^asure  to  show  the  amount  of  gasoline  necessary,  small  scissors, 
•y  cloth,  cement  and  specially  prepared  rubber  for  patches. 

What  is  ''cold  vulcanizing"  process? 

The  "cold  vulcanizing"  process  requires  the  use  of  a  special 
mt  and  curing  acid  though  it  may  be  used  with  the  regular  cured 
hes  furnished  for  cementing.  The  cement  is  appUed  to  the 
h  and  tube  and  is  then  covered  over  with  the  acid  after  which 
patch  is  pressed  firmly  in  place  immediately  and  held  there  by 

2  clamping  means  or  a  weight  until  the  process  is  completed. 

.  Describe  method  of  repairing  a  puncture  with  a  cemented 
h. 

The  first  thing  to  do  is  to  locate  the  hole  through  which  the 

3  escaping.  If  it  has  been  caused  by  a  nail  or  other  large  object 
ay  be  easily  found  by  examining  the  tube,  but  in  some  cases 
ay  be  a  very  small  puncture  that  cannot  be  discovered  readily, 
r  removing  the  inner  tube  blow  it  up  imtil  it  is  distended  to 
Lormal  size.     Do  not  put  enough  air  in  the  tube  to  stretch  it 

the  pressure  is  too  high  it  may  enlarge  the  hole.  If  a  bucket 
'ough  of  water  is  at  hand  immerse  the  tube  in  the  water  a  Uttle 
time,  at  the  same  time  slightly  stretching  the  tube.  If  this  is 
J  carefully  air  bubbles  will  be  seen  rising  from  the  leak  no  matter 
minute  it  is  when  the  injured  portion  of  the  tube  is  under  water, 
is  impossible  to  get  enough  water  to  immerse  the  tube,  dampen 
[land  and  pass  it  along  the  tube  surface.  The  wet  hand  is  very 
itive  to  even  the  slightest  air  current  and  the  leak  can  be  foimd 
readily  in  this  manner.  Another  way  to  locate  a  leak  is  to 
'  the  tube  up  and  then  pass  it  close  to  the  ear,  revolving  it  slowly 
aat  all  parts  of  the  tube  are  passed  before  it.  The  leak  will 
ndenced  by  a  hissing  noise  which  is  in  proportion  to  the  size 
le  leak.  A  good  way  of  marking  the  leak  positively  is  by  means 
I  indelible  pencil  which  will  leave  a  mark  on  tVi<&  x>i\A^^\  ^Vi^tsl 
that  will  not  come  off. 
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A  piece  of  sand  paper  or  emery  cloth  is  usually  provided  in  a  re- 
pair kit  and  with  this  all  of  the  gray  deposit  from  the  rubber  should 
be  cleared  from  an  area  around  the  pimcture  somewhat  larger  than 
the  patch  to  be  fitted.  This  talc  and  powdered  rubber  may  also 
be  washed  oflf  with  gasoline  or  scraped  oflf  with  the  blade  of  a  jack- 
knife  if  the  sand  paper  is  not  available.  It  will  be  well  to  treat  the 
surface  of  the  patch  in  the  same  manner  and  to  roughen  up  the 
clean  surfaces  of  both  tube  and  patch  with  sand  paper  or  a  wire 
scratch  brush.  A  light  coat  of  cement  is  then  applied  to  both  patch 
and  inner  tube  and  is  allowed  to  dry  for  five  or  six  minutes.  Then 
the  operation  is  repeated  and  more  cement  is  spread  over  the  sur- 
face. This  is  also  allowed  to  dry,  and  when  the  surface  is  sticky 
the  patch  is  pressed  firmly  in  place  and  held  in  position  by  a  clamp 
or  some  other  means  that  will  produce  pressure.  The  patch  should 
be  allowed  to  set  for  ten  or  fifteen  minutes  before  replacing  the  tube. 
Powder  the  patch  and  tube  freely  with  soap  stone  or  talc  to  prevent 
the  tube  sticking  to  the  casing. 

It  is  well  to  examine  the  casing  before  replacing  the  tube  to  be 
sure  that  the  cause  of  the  puncture  is  removed.  This  may  be  done 
by  examining  the  exterior  of  the  casing  and  by  passing  the  hand 
around  on  the  inside.  The  puncturing  object  often  becomes  im- 
bedded in  the  rubber  and  while  it  is  not  visible  from  the  outside 
it  may  stick  through  the  casing  and  protrude  on  the  imder  side. 
Temporary  repairs  to  the  casing  should  be  made  from  the  inside. 
A  piece  of  fabric  three  or  four  times  the  width  of  the  hole  and  long 
enough  to  reach  from  edge  to  edge  of  the  casing  should  be  cemented 
in  place.  This  is  done  by  cleaning  the  lining  of  the  casing  and  ap- 
plying two  coats  of  cement,  while  the  prepared  fabric  which  is 
already  coated  with  rubber  should  be  wet  with  a  little  gasoline 
before  it  is  pressed  in  place  in  the  inside  of  the  shoe. 

Q.  What  is  the  best  temporary  miethod  of  repairing  "blow- 
outs" in  casings? 

A.  A  good  temporary  repair  of  a  burst  casing  can  be  made  by 
using  an  inside  and  outside  blowout  patch  as  shown  at  C,  Fig.  306. 
A  new  inner  tube  should  never  be  inserted  in  a  burst  casing,  without 
first  taking  some  precautions  to  close  the  hole  or  rent  both  from 
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Dside  and  outside  or  the  tube  will  blow  through  at  the  weakened 
pot  of  the  shoe  before  it  has  been  in  use  for  any  length  of  time. 
rhe  inner  patch  is  composed  of  several  layers  of  frictioned  fabric 
fabric  impregnated  with  rubber  compound)  and  the  larger  sizes 
ire  provided  with  hooks  which  engage  the  rim  if  a  clincher  type  is 
Bed.  It  is  from  six  to  eight  inches  long  for  small  tires  and  ten  to 
twelve  inches  long  for  the  larger  sizes.  The  strength  of  fabric  used 
iLbo  varies  with  the  size  of  the  tire  the  patch  is  made  for.  This  is 
placed  in  the  casing  in  such  a  way  that  the  rent  comes  at  a  point 
approximately  at  the  center  before  the  inner  tube  is  inserted. 
After  the  casing  is  replaced  and  inner  tube  partially  inflated,  the 
outer  shoe  or  patch,  usually  of  leather  or  fabric  and  rubber  com- 
pound is  laced  tightly  in  place  around  tire  and  wheel  rim  and  then 
inflation  of  the  tire  is  completed.  A  repair  made  in  this  manner  is 
reliable  enough  so  the  tire  remains  in  service  for  some  time  without 
attention  though  the  temporary  patches  should  be  replaced  by  a 
permanent  repair  at  the  earliest  opportunity. 

Q.     How  arc  "blowouts"  repaired  permanently? 

A.  To  repair  a  badly  cut  or  rent  outer  casing  it  is  usually  nec- 
essary to  rebuild  the  casing  at  the  injured  part.  The  injured  fabric 
is  cut  out  and  replaced  with  new,  and  new  tread  rubber  is  also  ap- 
plied to  the  outside  of  the  casing.  The  layers  of  fabric  and  rubber 
are  well  cemented  with  special  material  adapted  for  curing  and  are 
thoroughly  vulcanized  together  and  amalgamated  with  the  remain- 
der of  the  shoe.  In  cutting  out  the  old  fabric,  the  first  inside  layer 
is  cut  out  at  least  six  inches  each  side  of  the  blowout.  The  next 
layer  is  stripped  oflf  for  five  inches  each  side  of  rent,  then  two  or 
three  of  the  succeeding  layers  are  taken  ofif  for  the  same  distance 
say  four  inches  each  side  of  the  injury.  In  replacing  the  layers 
with  new  fabric,  it  is  cut  to  fit  the  steps  left  when  the  injured  mate- 
rial has  been  removed.  Building  up  in  this  manner  makes  a  much 
stronger  repair  than  just  replacing  the  injured  material  would  be- 
cause each  layer  applied  reinforces  the  others  beneath  it  and  when 
the  last  ply  is  in  place  and  all  firmly  joined  together  by  the  curing 
process  the  shoe  is  practically  as  good  as  a  new  one. 

Q.     What  causes  rim  cutting? 
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A.  Rim  cutting  is  usually  caused  by  running  the  tire  flat 
inflated  sufliciently.  It  is  sometimes  due  to  rusty  or  rou 
edges  or  to  poorly  fitting  rims  or  improperly  designed  be 
the  tire  casing. 

Q.  What  causes  stone  bruises,  and  to  what  are  sand  1 
attributed? 

A.  If  a  tire,  even  whfen  well  inflated,  strikes  a  sharp  s 
high  speed  this  is  apt  to  tear  oflf  a  portion  of  the  tread  an 
injures  several  plies  of  the  fabric.  This  is  called  a  stone  bru 
weakens  the  shoe  to  some  extent,  depending  upon  the  am( 
material  removed  from  the  casing  or  the  depth  of  pene 
and  its  location.  The  shoe  is  weakened  much  more  if  the  1 
damaged  than  if  the  side  wall  is  scraped.  If  a  stone  bruise  c 
cut  penetrating  the  tread  is  neglected,  sand  or  road  gravel 
to  work  into  the  tire  as  it  revolves  and  this  material  soon  a 
lates  between  the  tread  and  fabric  or  between  the  layers  o: 
until  it  forms  a  protuberance  of  some  size.  This  is  called 
blister.  The  action  of  this  compacted  material  is  to  breal 
the  layers  of  fabric  between  it  and  the  tube  and  the  casing 
ably  blows  out  if  the  defective  condition  is  not  remedied. 

Q.     What  can  be  done  when  treads  wear? 

A.  If  the  tread  portion  of  the  casing  wears  from  abrasK 
the  road  and  the  fabric  carcass  is  in  good  condition  and  fr 
weak  spots  it  will  be  found  economical  to  retread  the  casing 
is  done  by  stripping  oflf  all  the  old  tread  and  several  of  tl: 
layers  of  fabric,  rebuilding  the  tire  with  new  material  and 
the  whole  by  vulcanizing  in  a  mold  or  by  a  wrapped  tread 
around  an  iron  core. 

Q.  How  can  weakened  casings  be  strengthened  to 
more  service? 

A.    Weakened  casings  can  be  used  for  some  time  by  th 
tion  of  a  reliner  of  fabric  which  strengthens  it  and  presents 
unbroken  surface  for  the  inner  tube  to  bear  itgainst.     A] 
casing  or  leather  protector  may  a\so  \i^  ^xci^Vs^eid* 
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Q.  Why  should  cuts  in  casings  receive  inunediate  attention, 
■nd  bow  can  they  be  filled  up? 

A.  Cuts  in  casings  allow  water  to  enter  and  rot  the  fabric  even 
if  they  are  not  sufficiently  large  to  weaken  the  shoe  appreciably. 
Hey  may  be  easUy  filled  up  by  using  the  special  repair  pliers  shown 
ftt  Fig.  307  to  spread  out  the  rubber  and  open  the  cut  sufficiently 
to  clean  it  out  with  gasoline  and  insert  special  cement  and  repair 
gum.  When  the  pliers  are  withdrawn,  the  rubber  closes  around  the 
■epair  material  and  when  the  gum  hardens  it  fills  the  hole  thoroughly. 


f((^            Inserr               Open               ineorr 

ft^tts" 

Fig.  307. — How  Special  Kepair  Pliers  May  be  Used  in  Opening  Incis- 
ions in  Tire  Tread  to  Insert  Repair  Gum. 

Q.  What  precaution  should  be  taken  in  removing  or  re- 
placing inn^r  tube? 

A.  When  removing  or  replacing  inner  tubes  from  casings,  espec- 
ially those  of  the  clincher  type,  it  is  necessary  to  use  the  tire  irons 
or  levers  employed  to  pry  out  the  casing  bead  from  the  rim  channel 
very  carefully  or  the  tube  is  apt  to  be  pinched  and  perhaps  badly 
cut.  The  correct  use  of  the  iron  in  detaching  the  casing  is  clearly 
shown  at  Fig.  308  A  and  B  while  the  manner  in  which  the  tire  iron 
or  the  casing  bead  may  pinch  the  tube  and  cause  rupture  is  depicted 
It  Fig.  308  0  and  D.-  In  replacing  a  tube,  it  is  always  well  to  in- 
flate it  enough  to  round  it  out  before  the  last  bead  is  Inserted.  In 
nmoving  a  eaaog  itom  a  rim  always  start  a,t  a.  pooi-^  ovv*"*^  ''^^^ 
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Fig.  308. — Proper  Methods  of  Handling  Tire  Irons  in  Remoi 
Replacing  Outer  Casings  at  A  and  B.  How  Inner  Ttlb* 
Pinched  if  Carelessly  Fitted  at  C  and  D. 


inSation  valve  while  the  valve  stem  is  always  the  first  thi 
aert  in  the  wheel  when  replacm%  &  tube  aa.d  those  poitio 
casing  adjacent  the  valve  siiOMV4si'««:j*^'^«^*R«*.**'fc. 
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How  can  rusted  on  casings  be  removed? 

Casings  or  locking  rings  that  have  become  rusted  to  the  rim 
be  easily  loosened  by  using  the  special  tools  made  for  the  pur- 
outlined  at  A  and  B,  Fig.  309.  The  former  is  employed  to 
jn  a  sticking  lock  ring,  the  latter  enables  the  motorist  to  exert 
b  pressure  against  a  wedged  bead  without  expenditure  of  much 
t.  The  tool  shown  at  .4,  Fig.  310,  is  similar  in  action  except 
the  power  is  multiplied  by  a  toggle  leverage  rather  than  a  rack 
pinion  gear.  The  devices  shown  at  Fig.  309  C  and  D  are  to 
t  in  replacing  stiff  clincher  casings  as  they  serve  to  hold  the 
in  place  on  the  rim  while  the  operator  is  prying  on  other  parts 
the  levers. 

What  happens  if  pneumatic  tire  is  run  flat? 

The  tire  will  be  destroyed  if  run  for  any  length  of  time 
out  air  because  the  casing  will  be  rim-cut  and  otherwise  bruised, 
ayers  of  fabrics  are  apt  to  become  separated  and  the  tube  will 
3  badly  cut  that  it  cannot  be  repaired. 

What  indicates  a  flat  tire  in  front?    In  the  rear? 

When  one  of  the  front  tires  is  flat,  in  addition  to  the  bumping 
ys  present  when  a  tire  is  deflated  there  will  be  some  difficulty 
eering.     If  a  rear  tire  is  too  soft,  there  will  be  more  bumping 
with  a  flat  front  tire  and  the  car  will  lose  speed. 

.     What  can  be  done  to  save  the  shoe  if  tire  is  flat  and  it  is 
possible  to  repair  it? 

If  one  can  get  some  old  rope,  the  tire  may  be  removed  from 
•im  and  the  rope  wound  around  until  it  has  sufficient  thickness 
3ep  the  rim  from  contact  with  the  road.  If  no  rope  is  available, 
sasing  may  be  filled  with  hay,  straw,  old  cloths  or  bagging  or 
lar  material  which  will  afford  partial  support  and  often  enable 
to  cover  several  miles  at  low  speed  before  the  filling  will  need 
wal.  When  a  casing  is  filled,  it  should  be  well  tied  or  strapped 
he  rim  at  several  points  because  the  filling  will  not  hold  it  in 
e  as  will  an  air  filled  inner  tube. 

>•     What  troubles  may  occur  in  valve,  and  how  may  leakage 

utsily  detected? 

.    The  cMet  valve  trouble  is  leakage  d\i^  \>o  a  v^xHAOkfc  <^  ^*^ 
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under  valve  seat  or  depreciation  of  the  small  rubber  member  de- 
Bigned  to  close  the  valve  stem  bore.  Sometimes  the  valve  insides 
Bre  not  screwed  in  tightly  enough  or  the  small  spring  or  inner  stem 
may  become  rusted  together  and  thus  keep  the  valve  from  seating  as 
it  should.  A  leaky  valve  may  be  easily  detected  by  placing  it  at 
the  top  of  the  wheel  so  it  points  down  and  allowing  the  end  to  stick 
below  the  surface  of  a  glass  of  water.  Any  leak  will  be  shown  by 
air  bubbles.  The  cheapest  method  of  repairing  a  leaky  valve  is  to 
replace  the  entire  inside  mechanism  which  costs  but  a  few  cents. 

Q.  Describe  method  of  removing  and  replacing  inner  tube  in 
outer  casing  of  the  clincher  type. 

A.  The  first  step  is  to  take  oflf  the  valve  stem  lock  washer  and 
nut  that  holds  it  against  the  wheel  felloe  and  then  loosen  any  tire 
lugs  or  security  bolts  that  may  be  used.  The  valve  inside  is  then 
removed  so  any  air  contained  in  the  tube  may  escape.  The  outer 
bead  of  the  casing  is  then  pried  out  of  the  channel  in  the  rim  with 
the  tire  levers,  beginning  at  a  point  opposite  the  valve.  Either  the 
strap  or  the  simple  lever  shown  at  Fig.  309  will  be  found  as  useful 
in  keeping  the  tire  bead  out  of  the  rim  as  they  are  in  keeping  it  in 
when  applying  the  shoe.  After  the  shoe  has  been  freed  from  the 
rim  at  one  side  the  inner  tube  may  be  pulled  out  and  if  this  is  the 
only  member  that  needs  attention  it  is  not  necessary  to  remove 
the  remainder  of  the  casing  from  the  wheel.  If  it  is  necessary  to 
repair  or  replace  the  casing,  it  may  be  taken  from  the  rim  by  insert- 
ing the  tire  irons  from  the  inside  of  the  wheel  and  prying  the  inner 
bead  over  the  outer  rim  channel  until  about  half  of  the  casing  is 
free  from  the  rim.  It  will  be  found  easy  to  pull  the  remainder  of 
the  shoe  from  the  wheel  without  any  tools.  The  shoe  of  a  quick 
detachable  rim  comes  ofif  very  easily  after  the  locking  ring  is  removed 
as  when  deflated  it  may  be  slipped  ofif  the  rim  complete  with  inner 
tube  and  may  be  replaced  in  the  same  manner. 

Q.     What  are  tire  protectors,  and  how  are  they  made? 

A.  Tire  protectors  are  of  two  forms,  those  intended  for  appli- 
cation to  the  interior  of  the  casing  and  other  forms  constructed  for 
application  to  the  outside  of  the  shoe.  The  forixi  at  C>  ¥v^,  ^\ft, 
is  an  hmer  liner  composed  of  a  number  oi\ayeT«>oil«!JckTVQ.N\iSR»sar 
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ized  or  cemented  together  as  in  tire  construction  and  is  intendi 
to  reinforce  a  weak  slice,  such  as  one  having  a  number  of  eia 
bruises  or  other  weakness  of  the  carcass  but  still  possessing  a  se 
viceable  tread. 

The  protector  depicted  at  D,  Fig.  310,  is  usually  made  of  chroi 
tanned  leather  and  is  designed  to  completely  cover  the  shoe.  The 
leather  treads  are  provided  with  hooks  for  attaching  to  the  ri 
channel  or  with  straps  for  securing  to  the  wheel  by  strapping  und 
the  felloe.  They  are  also  studded  with  steel  rivets  designed  to  ta 
all  of  the  wear  from  the  leather  on  rough  or  stony  roads  and  ai 


Fig.  310.— Outlining  the  Two  Main  Forms  of  Tire  Protecton. 

to  provide  some  degree  of  protection  from  akidding  because  of 
■uperior  traction  over  smooth  treads  on  soft  roads.  A  casing  t 
had  seen  considerable  service  could  be  kept  in  commission  for  bo 
time  if  provided  with  an  inner  liner  and  outer  protector  thougl 
is  possible  that  the  combined  cost  of  these  would  equal  that  a 
new  shoe.  A  disadvantage  of  inner  liners  or  outer  protectors  wl 
applied  to  new  casings  is  that  they  reduce  the  flexibility  and  n 
liency  of  the  tire  and  alao  t\iat  ttiey  Mfc  i'^x.  V>  ^Tt^«.tA  considwa 
beat  on  high  speed  cars.     T\ieae  afitesaonfta,  axe,  >a»&N^'^-9ti^ 
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^jplied  and  the  steel  studded  outer  protector  is  especially  valuable 
if  a  trip  is  contemplated  through  sections  where  the  highways  are 
rocky. 

Q.  -Name  some  simple  rules  relating  to  the  care  of  tires  in 
general. 

A.  The  following  paragraphs  are  included  in  the  instruction 
book  of  a  prominent  tire  manufacturer  and  as  they  are  based  on 
a  wide  experience  and  may  be  easily  committed  to  memory  by 
those  who  wish  to  reduce  their  tire  cost,  they  are  reproduced  in  full. 

Keep  the  floor  of  "the  garage  free  from  oil.  Oil  softens  the  rubber 
and  causes  it  to  disintegrate,  ruining  the  tire  in  a  short  time.  Also 
see  that  all  inner  tubes  in  the  car  are  kept  free  from  grease  and 
oil  and  out  of  contact  of  metal  tools. 

When  the  tire  becomes  worn  more  on  one  side  than  the  other 
from  rutty  roads,  reverse  it.  It  will  last  longer.  It  is  a  good  plan 
to  change  the  front  and  rear  tires,  if  they  are  of  the  same  size,  when 
thiqr  begin  to  show  wear.    The  rear  tires  always  wear  out  first. 

A  sprung  axle  will  cause  a  tire  to  wear  out  in  a  hurry  as  will 
poorly  lined  up  front  wheels.  Always  jack  up  the  car  when  it 
18  to  be  left  standing  for  any  length  of  time.  Keep  all  the  strains 
off  the  tires  that  you  possibly  can  at  all  times. 

Care  should  be  used  in  "braking''  your  car  and  in  rounding 
comers.  The  owner  who  does  not  subject  his  tires  to  any  unusual 
strains  and  keeps  them  pumped  up  properly  will  have  but  little 
trouble. 

A  very  important  point  often  overlooked  by  wheel  builders  is 
to  paint  the  outside  surface  of  the  rims  or  part  upon  which  the  tire 
rests.  If  this  has  been  omitted,  steps  should  be  taken  at  once 
to  have  them  painted,  as  rusty  rims  quickly  destroy  tires. 

Always  negotiate  car  tracks  carefully,  taking  care  not  to  hit  a 
sharp  frog  or  switch  member  which  is  apt  to  cut  a  tire  badly.  Never 
run  on  car  tracks  because  these  may  have  worn  to  a  sharp  or  rough 
edge  that  will  soon  cut  the  rubber.  In  starting,  always  engage  the 
clutch  lever  gently  to  avoid  unnecessary  slipping  of  the  rear  wheels 
and  when  turning  comers  always  disengage  the  clutch  and  allow 
the  car  to  coast  around.     This  will  save  t^ie  di%eT^Ti\X^  ^^  ^ 
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well  as  the  tires.  Do  not  bring  a  car  to  a  stop  so  near  a  curb  that 
the  tires  can  scrape  against  the  rough  stone  in  stopping  or  in  start- 
ing off  again. 

If  the  car  is  not  used  during  the  winter,  it  is  better  to  remove 
the  tires  from  the  rims,  keeping  casings  and  tubes  away  from  the 
light — the  temperature  of  the  room  to  be  about  50  degrees.  It 
will  be  better  to  slightly  inflate  the  tubes,  as  that  keeps  them  very 
nearly  in  the  position  in  which  they  will  be  used  later  on.  Before 
the  tires  are  put  back,  the  rims  should  be  thoroughly  cleaned,  and 
any  rust  carefully  removed;  a  coat  of  shellac  is  also  advised. 

Occasionally  a  tire  will  apparently  puncture  without  good  reason.  ) 
In  such  cases,  examine  the  rim  and  it  will  probably  be  found  that  a  J 
bolt  head  protrudes  above  the  rim  surface  and  has  finally  worn  j 
through  the  tube.  The  obstruction  should  be  buffed  or  filed  off  i 
until  the  bolt  liqs  flush  with  the  rim  bed. 

If  the  trouble  is  caused  by  a  bolt  being  driven  too  far  into  the  ; 
rim,  leaving  a  depression  suflSciently  sharp  and  deep  to  damage 
the  tube,  this  should  be  filled  in.  A  compound  of  pumice  stone 
and  coach  varnish  mixed  to  the  consistency  of  putty  will  do  the 
work  nicely.  Just  fill  the  hole  and  leave  the  filling  material  to  dry 
for  an  hour  or  so,  and  it  will  become  hard. 


LESSON  THIRTY^IX 
MOTOR  CAR  EQUIPMENT  AND  ACCESSORIES 

Q.    What  does  the  regular  equipment  of  motor  cars  include? 

A.  Most  automobiles  marketed  at  the  present  time  are  equipped 
as  shown  at  Fig.  311,  the  accessories  furnished  by  the  makers  in- 
duding  complete  lighting  outfit  comprising  two  head  lights,  two 
side  lights  and  a  tail  lamp;  a  windshield,  speedometer  (not  illus^ 
trated)  a  top  cover,  and  side  curtains;  some  form  of  alarm  signaJ 
and  a  tool  outfit  for  tire  restoration  and  mechanical  repairs. 

Q.    What  items  of  equipment  are  absolutely  necessary? 

A.  The  lights  as  well  as  the  alarm  signal  are  furnished  to  meet 
the  laws  of  most  states  which  say  that  an  automobile  must  be 
equipped  with  adequate  lighting  equipment  and  alarm  signal. 
The  tool  outfit  for  tire  and  mechanical  repairs  is  also  important. 
The  windshield,  top  and  speedometer  are  practically  necessities 
but  they  make  for  added  comfort  of  operation  rather  than  conduc- 
ing to  safety  or  complying  with  the  law. 

Q.     Describe  the  conunon  method  of  lighting  automobiles. 

A.  The  conventional  method  of  lighting  automobiles  is  by  gas 
and  kerosene  lamps  as  outlined  at  Fig.  312.  With  a  system  of  this 
kind,  which  is  furnished  on  most  low  and  moderate  priced  cars, 
the  powerful  searchlights  are  designed  to  burn  gas  while  the  side 
and  tail  lamps  bum  oil.  The  acetylene  is  sometimes  produced  by 
the  generator  shown  at  A  where  calcium  carbide  is  acted  upon  by 
water  to  generate  the  gas,  but  more  often  a  Prest-0-Lite  tank  as 
depicted  at  B  containing  gas  stored  under  pressure  is  used.  The 
tail  light  is  shown  at  C,  the  oil  burning  side  lamp  at  D  and  the  search^ 
light  generally  employed  is  of  the  form  shown  at  E. 

Q.  Outlme  advantages  of  electric  lighting,  and  name  the 
two  systems  in  conunon  use? 

A*    Electric  lighting  systems  are  now  iwim^VeidL  otl  ^^x^s^^^*^^ 
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Fig.  311.— Side  View  of  Typical  Tourins  Car  Showine  Equipment 
Regularly  Furnished  by  Automobile  Manufacturers. 

all  high  grade  cars  because  they  possess  important  advantages  of 
cleanliness  and  reliability  not  present  in  gas  or  oil  lamps.  Elec- 
tric searchlights  are  very  powerful  and  use  but  little  electric  current 
on  account  of  the  efficient  tungsten  filament  lamps  used.  The  lamps 
are  easily  lighted  from  the  seat  by  pushing  a  switch,  whereas  the 
oil  and  gas  lamps  must  be  lighted  with  matches,  often  a  difficult 
proposition  on  a  windy  day  and  always  a  disagreeable  taek  because 
it  is  necessary  to  step  in  the  road  and  walk  around  the  oar  to  light 
each  lamp  in  turn.  Some  users  of  stored  gas  have  electric  gas 
lighters  installed  but  as  this  involves  the  use  of  a  pressure  regulator 


^g.  312. f^rts  of  Combination  Xwo^tne  wii  e<«»i\>mft  Gaa  ] 
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at  the  gas  tank  and  a  complete  ignition  system  composed  ol  an 
induction  coil,  battery,  push  button  and  wiring  besides  the  special 
ignition  members  attached  to  the  lamp  burners  it  is  of  doubtful 
advantage  over  the  electric  lighting  method. 

Electrie  lighting  systems  may  be  of  two  types,  that  in  which    \ 
the  current  is  supplied  from  one  source,  which  may  be  either  a  mech-    - 
anical  generator  such  as  a  dynamo  or  magneto  or  a  chemical  cu^    j 
rent  producer  such  as  a  storage  battery;  and  the  combination  form 
in  which  the  current  is  obtained  normally  from  a  battery,  which  how- 
ever  is   kept  fully  charged  by  a  dynamo.     The  lighting  system 
outlined  at  Fig.  313  is  a  typical  group  composed  of  five  lamps  all 
of  which  are  provided  with  electric  bulbs,  though  the  system  illus- 
trated uses  combination  side  and  tail  lamps  in  which  oil  may  be 
burned  in  case  of  failure  of  the  electric  lighting  system.    The  dy- 
namo is  driven  by  the  engine  and  is  connected  electrically  with  the 
storage  battery  having  an  automatic  cut-out  device  inserted  in 
circuit.     The  function  of  the  automatic  cut  out  is  to  prevent  the 
battery  from  discharging  through  the  dynamo  if  the  engine  should 
stop.     A  switch  is  provided  so  either  the  head  light,  side  lights  or 
tail  lights  may  be  put  in  circuit  independently  or  in  combination. 

In  order  to  show  the  utility  of  electric  current  and  the  many 
conveniences  made  possible  by  its  use  a  complete  wiring  system  of 
a  high  grade  car  is  shown  at  Fig.  314.  Here  the  electric  current 
derived  from  the  storage  battery  is  not  only  used  for  the  usual  set 
of  five  lamps  but  it  is  employed  for  a  dome  light,  call  buzzer,  speed- 
ometer light,  Klaxon  horn  actuation  and  for  smaller  lamps  illumin- 
ating the  gasoline  and  oil  pressure  gauges  on  the  dash  and  the  license 
tag  at  the  rear. 

The  method  of  electric  lighting  in  which  the  generator  is  employed 
to  charge  the  storage  battery  is  preferred  by  most  engineers  because 
it  insures  an  unfailing  and  steady  supply  of  current.  If  the  elec- 
tricity was  derived  soley  from  the  generator,  it  would  have  a  vary- 
ing value  for  different  engine  speeds  because  the  current  output 
of  a  dynamo  depends  on  the  speed  at  which  the  armature  is  rotating. 
If  the  engine  was  run  slowly  there  would  not  be  sufficient  light 
because  the  current  supplied  \)y  \i\ie  \gKafcx^\«t  ^^Mld  he  weak; 
Bt  the  other  hand,  if  the  powei  pXooX,  ^^a  o^x^\fc^^\s«&iis^wk 
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the  generator  might  produce  Bufficient  current  to  bum  out  the  lamp 
filaments.  If  the  current  is  taken  from  a  storage  battery  alone, 
this  becomes  exhausted  in  a  short  time  and  needs  frequent  le- 
char^ng.  By  combining  the  two  systems  of  current  production, 
the  dynamo  is  employed  to  keep  the  battery  properly  charged,  and 
as  the  storage  cells  are  always  at  full  capacity  it  delivers  a  stead] 
current  of  the  proper  voltage  for  the  lamps. 

Q.  What  are  the  principal  types  of  automobile  warning 
signals  ? 

A.  Automobile  warning  signals  are  usually  in  the  form  of  a  hon 
or  whistle,  though  sirens,  electric  buzzers  and  mechanical  hom 


Fig.  315. — Principal  ForTTs  of  Automobile  Warning  Signals. 

have  received  wide  application  of  late.  The  bulb  horn  show 
at  A,  Fig.  315,  is  a  cheap  and  satisfactory  signal  for  city  use,  but 
b  not  powerful  enough  to  carry  the  sound  any  distance,  which 
necessary  when  touring.  The  operation  of  a  hom  of  this  characti 
is  simple,  a  pressure  of  the  hand  on  the  rubber  bulb  serving  to  sen 
a  draft  of  air  past  a  reed  located  in  the  hom  member. 

The  exhaust  whistle  shown  at  B  is  attached  to  the  exhaust  pq 
by  some  form  of  valve  which  will  cause  the  gas  to  pass  throu| 
this  horn  iostead  of  through  the  muffler  when  desired.  As  foi 
whistles  of  varying  size  and  length  are  provided  the  device  wi 
etnlt  a  pleasiag  musical  tone  -wVacV  Nwr\«a  m  \nfceoa\.tY  accordii 
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to  the  velocity  of  the  exhaust  gas  which  in  turn  depends  upon  the 
q)eed  of  the  engine. 

The  form  of  electrical  horn  generally  used  is  shown  at  C.  This 
is  operated  from  the  ignition  or  lighting  battery  current  which 
rotates  a  small  motor  that  acts  on  a  diaphragm  by  means  of 
a  cam  provided  with  a  large  number  of  points  so  the  diaphragm 
is  caused  to  vibrate  very  fast,  and  produces  a  discordant  shriek- 
mg  note  that  can  be  heard  a  long  distance  away. 

The  bulb  horn  shown  at  D  has  four  independent  reeds  which  are 
brought  into  action  progressively  by  a  simple  pneumatic  shutter 
80  the  series  of  impulses  of  air  produced  by  squeezing  the  bulb  will 
cause  the  device  to  give' a  musical  warning  sound  like  a  bugle  call. 
The  electrically  operated  horn  will  throw  the  warning  note  farther 
ahead  than  any  of  the  others,  but  the  exhaust  whistle  is  superior 
to  the  bulb  horn.  The  types  of  warning  signals  that  have  been 
evolved  are  legion,  but  those  shown  are  representative  and  practi- 
cal and  show  the  principal  forms. 

Q.    Why  are  speed  indicators  valuable? 

A.  Speedometers,  which  indicate  the  velocity  of  the  car  in  miles 
per  hour,  are  valuable  in  enabling  the  motorist  to  regulate  his  speed 
according  to  the  law.  As  most  of  these  devices  are  provided  with 
trip  and  season  odometers  which  indicate  the  distance  actually 
traveled  the  device  provides  a  useful  check  on  the  life  of  tires, 
gasoline  and  oil  consumption  and  general  service  the  car  is  capable 
of  ^ving  A  speedometer  is  also  useful  in  following  routes  given 
in  various  road  guide  books.  A  typical  speed  indicator  and  clock 
combination  is  shown  at  Fig.  316-A. 

Q.     What  value  have  tire  chains? 

A.  When  plain  tread  tires  are  used  it  is  necessary  to  provide 
some  means  by  which  greater  traction  or  adhesion  on  wet  or  slip- 
pery roads  may  be  obtained  than  would  be  the  case  if  only  the 
smooth  rubber  and  road  surface  came  in  contact.  The  simplest 
and  cheapest  method  of  obtaining  this  end  is  by  means  of  anti- 
skid chains,  as  shown  at  B,  Fig.  316.  These  not  only  insure  proper 
traction  on  unfavorable  highways  but  also  provide  positive  control 
irhen.  the  brakes  are  applied  because  they  prevexiX,  ^\^<&si^. 
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Fig.  316. — Some  Useful  Accessories  for  Motor  Cars. 

Q.    What  is  the  wind  shield? 

A.  The  wind  shield  is  a  frame  of  metal  tubing  in  which  an 
placed  lights  of  plate  glass,  so  the  operator  and  pasBengera  may 
be  shielded  from  the  dust  or  cold  wind  without  interfering  with 
the  vision.  A  typical  wind  shield  is  shown  at  C,  Fig.  316.  The 
frame  may  also  be  made  of  wood  or  a  light  metal  frame  covered 
with  leather  and  having  celluloid  pieces  instead  of  glass  may  be  used. 

Q.     What  is  the  Stepney  emergency  rim? 
A.     The  Stepney  spare  wheeV  xs  a.  Tvm.  *AB.\teji  to  carry  a  ful^ 
inffated  tire  and  having  lugs  and  w[i<iViQTa«.ft  m«nia«»Vs  -nhi^-*. 
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may  be  quickly  attached  to  the  rim  of  a  wheel  having  a  flat 
tire  without  removing  the  defective  tire.  This  device  is  not 
widely  used  at  the  present  time  because  quick  detachable  and 
demountable  rims  have  been  developed  that  permit  one  to  make 
a  tire  change  in  but  very  few  minutes.  A  spare  rim  of  this  form 
with  tire  in  place  showing  the  attaching  lugs  is  depicted  at  D, 
Fig.  316. 

Q.     What  are  shock  absorbers,  and  how  do  they  work? 

A.  Shock  absorbers  are  devices  intended  to  prevent  harsh  action 
of  chassis  supporting  springs,  either  by  providing  some  retarding 
means  to  keep  the  spring  from  working  too  fast,  deflecting  too  much 
or  act  as  a  check  to  prevent  too  rapid  rebound  after  deflection. 
The  principal  forms  of  shock  absorbers  are  outlined  at  Fig.  322. 
The  Ames  device  is  a  supplementary  laminated  leaf  spring  fitted 
on  top  of  a  regular  semi-elliptic  form  to  prevent  rapid  rebound. 
The  J.  M.  shock  absorber  is  a  type  designed  to  replace  the  usual 
spring  shackle  and  operates  by  providing  sensitive  springs  to  take 
the  shocks  produced  by  minor  road  irregularities.  Devices  of  this 
nature  are  not  true  shock  absorbers  but  are  more  in  the  nature  of 
auxiliary  springs.  The  Sager  device  is  a  simple  coil  spring  attached 
to  frame  and  axle.  These  are  supplementary  members  which  act 
to  retard  rapid  movements  of  the  main  spring.  The  Gabriel  de- 
vice is  a  rebound  check  that  prevents  a  rapid  return  of  the  spring 
after  deflection.  The  Connecticut  shock  absorber  has  a  series  of  leaf 
springs  in  a  housing  attached  to  one  arm  to  retard  the  motion  of  a 
cam  piece  attached  to  the  other  arm  joined  to  the  spring.  The  Truf- 
fault-Hartford  comprises  friction  pads  at  the  joint  of  levers  attached 
to  the  spring  and  frame  respectively.  These  friction  pads  prevent 
rapid  axle  movement,  eitKer  on  deflection  or  rebound.  The  Flentje 
shock  absorber  is  a  hydraulic  form  in  which  too  rapid  spring  move- 
ment is  prevented  by  the  dash  pot  action  of  a  piston  provided  with 
small  passages  working  in  a  cylinder  filled  with  glycerin.  The 
auxiliary  springs  such  as  the  Sager  are  very  useful  if  rough  riding 
is  caused  by  the  main  springs  being  weak.  The  J.  M.  type  provides 
easy  riding  when  the  main  supporting  springs  are  too  stiff.     The 
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Fig.  322. — Principal  Forms  of  Shocic  Absorbers  and  Auxiliary  Springs. 

other  forms  outlined  are  used  to  steady  the  action  of  the  springii 
regardless  of  the  spring  strength. 

Q.  Describe  tool  equipment  for  mechanical  repairs. 
A.    A  kit  of  tools  suitable  for  general  adjustments  around  a  small 
car  is  shown  at  Fig.  323,  ^hile  a  more  complete  outfit  adapted  for 
Any  size  car  and  for  makmg  to«A  tepwa^  ^l  vks  TiAi^Na^^  Sa^  ^Sonfni 
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iat  Fig.  324.  This  outfit  includes  double  ended  S  wrenches  to  fit 
standard  nuts  and  bolts;  an  adjustable  Stilson  wrench  for  pipe 
and  round  rods;  a  monkey  wrench  which  can  be  adjusted  for  various 
size  nuts ;  a  set  of  four  files,  including  round,  three  cornered,  half 
round,  and  flat,  with  a  suitable  handle;  a  soldering  copper  which 
fits  the  file  handle  and  some  wire  solder;  three  pairs  of  pliers,  one 
of  these  being  provided  with  cutting  jaws,  and  various  small  tools 
such  as  a  chisel  and  punch  set,  a  cotter  pin  extractor  and  small 
three  cornered  scraper. 

Other  tools  that  may  be  added  to  advantage  if  a  motorist  is  pos-. 
sessed  of  any  mechanical  skill  are  shown  at  Fig.  325.  The  plierg 
at  A  are  specially  made  for  inserting  cotter  pins.  The  punch  and 
chisel  set  at  B  can  be  included  to  advantage  if  these  tools  are  not 
already  incorporated  in  the  main  tool  outfit.  The  assortment  is 
useful  as  it  includes  a  double  end  offset  screw  driver  and  small 
adjustable  bicycle  wrench  in  addition  to  the  punches,  chisels  and 
drifts.  The  set  of  scrapers  shown  at  C  are  used  for  removing  car- 
bon from  the  interior  of  the  motor  cylinder  by  inserting  through 
valve  caps  or  sparkplug  holes  where  th^  motor  construction  permits. 
The  socket  wrench  depicted  at  D  is  useful  in  removing  spark 
plugs  when  these  members  fit  recessed  valve  caps  or  cylinder  cast- 
ings. The  scrapers  illustrated  at  E  are  used  in  refitting  bearings 
and  are  tools  for  mechanic  and  repairman  rather  than  the  average 
motorist.  The  very  complete  socket  wrench  outfit  shown  at  F 
is  also  useful  for  any  one  who  does  much  repairing  because  it  per- 
mits the  removal  of  nuts  in  very  inaccessible  places.  Tubular 
sockets  are  provided  that  will  fit  practically  any  standard  nut  or 
bolt  used  in  automobiles  regardless  of  how  inaccessible  they  are 
located.  A  number  of  standard  size  double  end  socket  wrenches 
and  Tommy  bar  as  shown  at  G  are  useful  if  the  larger  set  illus- 
trated at  F  is  not  at  hand.  The  brush  at  H  is  provided  for  clean- 
ing spark  plugs  and  other  parts  of  soot  or  carbon  and  also  includes 
small  pieces  of  spring  stock  for  scraping  dirt  out  of  comers  not 
reached  by  the  brush. 

Q.    Name  spare  parts  and  supplies  that  can  be  carried  on  car 
when  touring. 
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A.  A  group  of  standard  small  parts  arranged  in  tin  boxes  that 
tte  adapted  for  most  makes  of  automobiles  is  shown  at  Fig.  326. 
The  box  at  A  contains  spring  or  lock  washers,  that  at  B  castellated 
nuts  in  assorted  sizes.  The  box  at  C  has  an  assortment  of  regular 
standard  nuts,  the  container  D  is  full  of  assorted  spht  or  cotter 
pinSi  that  at  E  contains  set  screws.  An  assortment  of  standard 
cap  screws  and  bolts  is  shown  at  F  and  a  box  full  of  assorted  taper 
pins  is  illustrated  at  G.  The  supplies  shown  at  Fig.  327  may  be 
carried  on  a  car  if  the  tour  is  to  go  to  sections  remote  from  repair 
shops.  Some  of  the  appliances  are  useful  under  all  conditions. 
The  hydrometer  shown  at  A,  Fig.  327,  is  employed  for  testing 
the  solution  of  storage  batteries.  A  combination  syringe  and  hy- 
drometer shown  at  B  may  be  used  to  advantage  in  its  place  if  an 
electric  lighting  or  starting  system  is  included  in  the  car  equipment 
because  it  enables  the  motorist  to  test  the  specific  gravity  of  the 
electrolyte  in  the  storage  battery  from  time  to  time  and  thus  de- 
termine the  amount  of  current  available.  The  hydrometer  shown 
at  C  is  used  in  testing  fuels.  The  folding  water  pail  shown  at  D 
takes  but  little  space  and  is  a  very  convenient  receptacle  for  filling 
the  radiator  from  any  wayside  stream  and  also  for  holding  water 
for  washing  the  hands  when  repairs  have  been  made.  If  an  electric 
lighting  system  is  fitted  spare  bubs  for  all  lamps  should  be  carried. 
A  typical  Edison  base  tungsten  filament  lamp  is  illustrated  at  E. 
The  valve  grinding  tool  shown  at  F  is  more  properly  a  garage  or 
repair  shop  tool  though  many  motorists  who  look  after  their  own 
cars  find  it  valuable  when  grinding  in  the  valves  to  a  new  seating. 
Hie  spring  provided  with  the  valve  grinding  tool  is  placed  under 
the  valve  head  to  raise  the  valve  from  its  seat  when  the  weight 
holding  the  valve  to  its  seat  is  relieved,  while  the  small  can  contains 
abrasive  valve  grinding  compound. 

The  hand  oil  can  at  G  and  bracket  by  which  it  may  be  attached 
to  the  dash  is  standard  equipment.  When  sufficient  current  is 
available  as  when  a  storage  battery  is  supplied  for  lighting  or  start- 
ingy  the  small  trouble  lamp  and  length  of  wire  shown  at  H  can  be 
used  to  illuminate  various  parts  of  the  mechanism  when  making 
lepairs  after  dark.  A  lamp  of  this  nature  is  practically  a  neces- 
B^  because,  it  ia  dtaigeroua  to  make  adiu&tineii\.^  ^>Dfix^  ^y^^^^!i3>L9; 
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fumes  are  present  by  the  light  of  an  oil  lamp.  The  syringe  or  oil 
gun  shown  at  /  b  of  value  when  one  wishes  to  inject  oil  or  grease 
into  some  inacessible  oil  hole  and  for  drawing  gasoline  from  the  tank 
for  priming  the  engine  or  cleaning  off  a  tire  inner  tube  before  patch- 
ing. The  small  vise  shown  at  /  may  be  screwed  to  the  running 
board  or  work  bench  and  will  prove  invaluable  when  needed.  The 
small  torch  depicted  at  K  bums  gasoline  and  is  a  useful  adjunct 
to  the  tool  kit  shown  at  Fig.  324  as  it  will  supply  heat  (or  the  solder- 
ing iron. 

Q.  How  are  tools,  spare  tires,  clothing,  etc.,  carried  on  the 
average  automobile? 

A.  In  many  cars,  especially  those  with  the  gasoline  tank  under 
the  front  seat,  there  is  not  sufQcient  room  for  stowing  away  all  the 
tools,  etc.,  needed  when  touring  so  variouB  forms  of  trunks  and  casea 
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ade  for  the  purpose  as  outlined  at  Fig.  328.  The  tire  trunk 
I  at  A  ia  intended  for  attachment  to  the  running  board  and  will 
ide  of  the  tire  casinga  usually  carried  at  that  point.  It  pro- 
fXHiBideTable  space  in  its  interior  for  inner  tubes,  tire  repur 
or  other  supplies.  ^  The  trunk  at  £  is  designed  for  clothing 
.t  carriea  two  individual  dress  suit  cases,  protecting  them 
ughly  from  the  dirt.  It  may  be  carried  on  a  trunk  rack  at 
ock  of  the  car.  The  box  at  C  is  designed  for  attachment  on 
Ding  board  and  the  drawers  may  be  used  to  advantage  in  carry- 
Mis  or  Bpore  parts  of  that  nature.  When  spare  outer  casings 
arried  it  is  customary  to  enclose  these  in  a  protecting  cover  of 
leled  duck  or  leather  as  outlined  at  D. 

Enumerate,  some  other  useful  accessories  that  will  com- 
:  equipment  of  average  car. 

A  car  that  is  operated  in  traffic  a  large  part  of  the  time  can.  be 
idod  with  m  Iront  bumper  or  fender  aa  siiosm.  sfc  A.,'¥vfe-^I1^> 
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Fig.  329.— Various  Useful  Devices  to  Complete  Motor  Car 


to  advantage  as  these  protect  the  lamps  and  radiator  from  damage 
iQ  event  of  collision  with  any  other  vehicle.  The, mirror  at  B  is 
attached  to  the  side  of  the  windshield  and  provides  a  rear  view 
appreciated  by  some  drivers.  The  robe  rail  at  C  is  a  convenience 
that  can  be  fitted  to  the  back  of  the  front  seats  at  little  expense  ii 
the  car  is  not  already  provided  with  one.  The  strap  and  holder 
shown  at  D  will  keep  the  starting  crank  from  rattling  and  as  the 
handle  is  thrust  in  the  small  case  when  not  in  use  that  member  is 
kept  clean  at  all  times.  The  usual  set  of  brackets  attached  to  the 
running  board  for  carrying  a  spare  tire  casing  is  shown  at  B.  A 
folding  trunk  rack  for  use  in  carrying  trunk  shown  at  B,  Fig.  328, 
or  other  baggage  is  clearly  outlined  at  F.  While  these  accessoriee 
are  not  absolutely  necessary  they  are  very  convenient  and  contri- 
bute materially  to  the  pleasure  of  motoring. 


LESSON  THIRTY-SEVEN 
RECENT  DEVELOPMENT  IN  AUTOMOBILE  DESIGN 

Q.    Name  some  of  the  latest  improvements  in  design. 

A.  Prominent  among  these  may  be  mentioned  the  eight  and 
twelve  cylinder  V  motors,  the  universal  adoption  of  electric  start- 
ing and  lighting  systems,  the  use  of  cantilever  springs,  and  wide 
introduction  of  the  Stewart  vacuum  feed  fuel  system. 

Q.  What  are  the  advantages  of  the  eight  cylinder  V  motor 
over  the  "all-in-line  form"? 

A.  The  announcement  of  a  prominent  motor-car  maker  in  the 
late  fall  of  1914  that  it  was  to  market  an  eight  cylinder  motor 
vehicle  in  1915  created  a  furor  in  the  automobile  trade.  This  type 
of  motor  appealed  strongly  to  the  motorist  as  well  as  to  the  manu- 
facturer, as  is  evidenced  by  the  announcement  of  the  production 
of  eight  cylinder  models  by  more  than  a  dozen  makers.  That 
manufacturers  of  engines  anticipate  a  general  demand  for  eight 
cylinder  types  can  be  judged  by  the  fact  that  all  of  the  leading 
engine  builders  are  developing  eight  cylinder  engines.  Those  who 
have  followed  the  development  of  the  gasoline  engine  will  recall 
the  arguments  that  were  made  when  the  six  cylinder  motor  was 
introduced  at  a  time  that  the  four  cylinder  type  was  considered 
standard.  The  arrival  of  the  eight  cylinder  has  created  similar 
discussion  of  its  practicability. 

The  reason  the  V  type  shown  at  Fig.  330-A  is  favored  is  that  the 
"all-in-line  form"  which  is  shown  at  Fig.  330-B  is  not  practical  fop 
motor  vehicles  because  of  its  length.  Compared  to  the  standard 
four  cylinder  engine  it  is  nearly  twice  as  long  and  it  required  a 
much  stronger  and  longer  crank  shaft.  It  will  be  evident  that  it 
could  not  be  located  to  advantage  in  the  automobile  frame.  These 
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mitigating  factors  are  eliminated  in  the  V  ^pe  eight  cylinder 
motor,  as  it  consiata  of  two  blocka  of  four  cylinders  each,  ao 
arranged  that  one  set  or  block  is  at  an  angle  of  forty-five  d^reei 
from  the  vertical  center  line  of  the  motor,  or  at  an  angle  of  nineQ 
degreea  with  the  other  aet.  This  arrangement  of  cylinders  pro- 
duces a  motor  that  ia  no  longer  than  a  foor  cylinder  engine  of 
half  the  power  would  be. 

Q.    Is  the  eight  cylinder  V  engine  a  new  or  untried  type? 

A.     The  eight  cylinder  V  type  engine  is  not  a  new  design  bj 


any  means,  although  it  is  not  generally  known  to  automobilistB. 
It  has  been  a  standard  power  plant  for  aeroplanes  for  many  yeai^ 
leading  exponents  being  the  Antoinette,  the  Woolaley,  the  E.  H.V- 
in  Europe  and  the  Curtiss  in  the  United  States.  Messrs.  De  Dion- 
Bouton,  a  leading  French  automobile  manufacturer,  is  credited 
with  being  the  first  to  produce  an  eight  cylinder  motor  aa  a  cols' 
merdal  proposition.  Many  racing  cars  have  been  built  with  ei^t 
cylinder  motors,  notably  the  Bolls-Eoyce,  the  Darracq  and 
Winton.    The  eight  cylinder  V  type  has  also  been  widely  used  In 
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racing  motor  boats  and  gaaoline  propelled  railway  coaches.  It 
was  not  a  surpriae,  therefore,  to  those  who  were  familiar  witii 
internal  combustion  engineering  when  the  eight  cylinder  engine 
was  applied  for  automobile  propulsion. 

Q.     What  are  the  real  advantages  of  the  eight  cylinder  engine? 

A.  Apparently  there  ia  considerable  misconception  as  to  the 
advantage  of  tbe  two  extra  cylinders  of  the  eight  as  compared 
with  the  six  cylinder.    It  should  be  borne  in  mind  that  the  mol- 


tiplicatioD  in  the  number  of  cylinders  noticed  since  the  early  days 
of  antomobile  development  has  not  been  solely  for  increasing  the 
power  of  the  engine,  but  to  secure  a  more  even  turning  movement, 
greater  flexibility  and  to  eliminate  destructive  vibration.  The 
ideal  internal  combustion  motor  wonld  be  that  which  more  nearly 
conforms  to  the  steady  running  produced  by  a  steam  turbine  or 
electric  motor.  The  advocates  of  tbe  eight  cylinder  engine  bring 
Xlg  the  item  tA  uniform  torque  as  one  of  the  most  important  advaa- 
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tages  of  tbe  eight  cylinder  design.  A  number  of  torqne  diagnini : 
are  sbown  at  Fig.  331.  Wliile  these  appear  to  be  deeply  technical, 
they  may  be  very  easily  followed  when  their  purpose  is  explained. 
At  the  top  is  shown  the  torque  diagram  of  a  single  cylinder  motor 
of  the  four  cycle  type.  The  high  point  in  the  line  represents  tbe 
period  of  greatest  torque  or  power  generation,  and  it  will  be  eri- 
dent  that  this  occurs  early  in  tbe  first  revolntion  of  the  crank 
shaft.    Below  this  diagram  is  shown  a  similar  can-e  except  that 


,lgnition  Dhlribuior 

fl  i         Cylindef 


Generator  Drive 


Fig.  332. — Front  View  of  the  King  Eight  Cylinder  V  Engine  i 
Cover  Kemoved  from  T'ucant  Qe«  Cvm  W^  Uuan  U«e  of  Si 
Chains  for  Driving  Camah^t  «>&  h»aS»n  ■&«*«*. 
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it  is  produced  by  a  foar  cylinder  engine.  Inspection  wilt  shov 
that  the  turning  moment  is  mucli  more  uniform  than  in  the  single 
cylinder;  similarly,  the  six  cylinder  diagram  is  an  improvement 
over  the  four,  and  the  eight  cylinder  diagram  is  an  improvemeot 
over  the  six  cylinder. 

Q.  Why  is  better  torque  obtained  with  an  eight  cylinder 
engine  than  with  a  four  or  six? 

A.     The  reason  that  practically  continuous  torque  is  obtained 


in  an  eight  cylinder  engine  is  that  one  cylinder  fires  every  ninety 
degrees  of  crank  shaft  rotation,  and  as  each  impulse  lasts  nearly 
seventy-five  per  cent,  of  the  stroke,  one  can  easily  appreciate  that 
an  engine  that  will  give  four  explosions  per  revolution  of  the 
crank  shaft  will  run  more  uniform  than  one  that  gives  but  three 
explosions  per  revolution,  as  the  six  cylinder  does,  and  will  be 
twice  aa  smooth  running  as  a  four  cylinder,  in  which  but  two 
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explosions  occur  per  revolution  of  the  crank  shaft.  The  com- 
parison  is  so  clearly  shown  in  graphical  diagrams  that  further 
description  is  unnecessary. 

Q.    How  does  an  eight  cylinder  engine  differ  mechanically 
from  a  four  or  six? 

A.  The  front  view  of  a  typical  eight  cylinder  engine  with  the 
cover  removed  from  the  timing  gear  case  is  outlined  at  Fig.  332. 
In  this  engine  the  cylinders  are  cast  in  blocks  of  four  and  are  of 
the  L  head  type,  the  valves  being  on  the  inside  of  the  cylinder 
block  facing  those  of  the  other  cylinders.  This  makes  it  possible 
to  operate  the  valves  by  one  cam  shaft,  driven  by  silent  chain 
gearing  from  the  pinion  on  the  crank  shaft.  There  is  ample  space 
between  the  two  cylinder  blocks  to  mount  the  carburetor,  ignition 
distributor  and  other  parts.  The  method  of  installing  the  eight 
cylinder  motor  in  the  Cadillac  automobile  frame  is  clearly  shown 
at  Fig.  333.  The  only  point  in  which  an  eight  cylinder  motor 
differs  from  a  four  cylinder  is  in  the  arrangement  of  the  connect- 
ing rod,  as  in  many  designs  it  is  necessary  to  have  two  rods 
working  from  the  same  crank  pin.  This  difficulty  is  easily  over- 
come in  some  designs  by  staggering  the  cylinders  and  having  the 
two  connecting  rod  big  ends  of  conventional  form  side  by  side  on 
a  common  crank  pin.  In  other  designs  one  rod  is  a  forked  form 
and  works  on  the  outside  of  a  rod  of  the  regular  pattern.  Still 
another  method  is  to  have  a  boss  just  above  the  main  bearing  on 
one  connecting  rod  to  which  the  lower  portion  of  the  connecting 
rod  in  the  opposite  cylinder  is  hinged. 

As  the  eight  cylinder  engine  may  actually  be  made  lighter  than 
the  six  cylinder  of  equal  power,  it  is  possible  to  use  smaller  recip- 
rocating parts,  such  as  pistons,  connecting  rods  and  valve  gear, 
and  obtain  higher  engine  speed  with  practically  no  vibration.  The 
firing  order  in  nearly  every  case  is  the  same  as  in  a  four  cylinder 
except  that  the  explosions  occur  alternately  in  each  set  of  cylin- 
ders. In  prevailing  practice  the  sequence  is  1-34-2.  The  firing 
order  of  an  eight  cylinder  motor  is  apt  to  be  confusing  to  the 
motorist,  especially  if  one  considers  that  there  are  eight  possible 
sequences.    The  majority  of  engineers  favor  the  alternate  firing 
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334. — Sectional  View  Through  End  Section  Throngh  Packard 
Twin  fflx  Motor,  Showing  Arrangement  of  Parts  and  Narrow 
Kotor  Possible  \iy  60-degree  Placing. 

side  to  Bide.  This  Is  given  by  several  masufactarera  as  fol- 
:  1-4-5-3-7-&5-8.  Another  firing  order,  l-8-a-64r5-^';-,  ««&. 
ier,  l-&S-5-^7'2S.  ftome  makers  call  thfi  \^  tntuX.  ^iVm&«^ 
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or  that  nearest  the  radiator,  No.  1,  and  the  opposite  cylinder  the 
Ho.  8.  No  diflSculty  is  experienced  in  an  eight  cylinder  engine 
either  in  the  carbnretion  or  in  firing  the  charge.  In  six  cylinder 
engines  some  difficulty  is  apt  to  be  experienced  in  securing  proper 
carburetor  action,  but  in  an  eight  the  problem  is  as  simple  as  in 
the  four  cylinder  engine. 

Q.    Describe  the  Packard  twelve  cylinder  V  engine. 

A.  One  of  the  first  makers  to  announce  a  twelve-cylinder  car 
for  the  1916  season  is  the  Packard  Motor  Car  Company  of  Detroit, 
Mich.,  which  is  building  a  high-speed  motor  incorporating  all 
recent  features  of  design  in  securing  light  reciprocating  parts, 
large  valve  openings,  etc.  The  twelve-cylinder  motor  incorporates 
the  best  features  of  high-speed  motor  design  and  there  is  no  need 
at  this  time  to  discuss  further  the  pros  and  cons  of  the  twelve- 
cylinder  versus  the  eight  or  six,  because  it  is  conceded  by  all  that 
there  is  the  same  degree  of  increase  of  steady  power  application 
in  the  twelve  over  the  eight  as  there  would  be  in  the  eight  over  the 
six.  The  question  resolves  itself  into  having  a  motor  of  hififh 
power  that  will  run  with  minimum  vibration  and  that  prodncoi 
smooth  action.  It  should  be  remembered  that  if  an  eight-cylinder 
engine  will  give  four  explosions  per  revolution  of  the  fly-wheel 
a  twelve-cylinder  type  will  give  six  explosions  per  revolution, 
and  instead  of  the  impulses  coming  90  degrees  crank  travel  apar^ 
as  in  the  case  of  the  eight-cylinder,  they  will  come  but  60  degrees 
of  crank  travel  apart  in  the  case  of  the  twelve-cylinder.  WheBi 
one  realizes  that  the  actual  duration  of  the  power  stroke  is  con-j 
siderably  greater  than  120  degrees  crank  travel,  it  will  be  appar 
ent  that  the  overlapping  of  explosions  must  deliver  a  vttjj 
uniform  application  of  power. 

The  dimensions  of  the  new  Packard  motor  are  3"  bore  by  8"! 
stroke,  giving  a  total  piston  displacement  of  424*  cubic  inches, 
motor  will  attain  a  speed  of  3,000  K.P.M.,  or  more  if  neci 
although  the  multiplicity  of  explosions  produces  so  much  power 
the  low  motor  speeds  that  the  high  range  of  speed  will  be  n< 
only  when  extreme  conditions  are  encountered.    The  pistons  ai*] 
of  aluminum  alloy  and  the  eoioie^iXm^  li^^^  ^^^  machined  all  our 
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in  order  to  have  small  reciprocating  weight.  The  piston  ^ 
but  17  ounces  complete  with  rings,  and  the  upper  half  of  th 
necting  rod,  which  is  considered  a  reciprocating  mass,  weigl 
8.5  ounces,  this  making  a  very  small  total  mass  of  1  pom 
ounces.  Knowing  that  the  vibration  which  is  present  in  tl 
cylinder  is  due  to  the  weight  of  pistons,  etc.,  it  will  be  ap] 
that  if  this  weight  is  lessened,  as  it  is  in  the  "Twin  Six"  ( 
a  much  smoother  running  motor  will  be  obtaSned.  On( 
say  that  the  twelve-cylinder  is  an  attempt  to  combine  the 
tages  of  the  six  and  eight  and  to  simultaneously  eliminati 
of  the  disadvantages  of  both  types.  While  this  is  true  to 
limited  extent,  it  is  apparent  that  for  very  powerful  engii 
twelve-cylinder  will  have  a  logical  field. 

The  Packard  motor  has  two  block  castings,  consisting 
cylinders  each,  set  on  an  aluminum  crank  case,  with  the  c; 
center  lines  30  degrees  each  side  of  the  vertical  motor  cent 
which  gives  an  included  angle  of  60  degrees  between  the  t 
inder  center  lines.  This  arrangement  gives  the  best  torque 
is  obtained  with  even  intervals  between  the  explosion 
valves  are  placed  between  the  cylinders  in  the  ordina 
fashion,  but  they  are  more  accessible  than  in  the  eight-c 
because  the  narrowness  or  reduction  of  width  possible 
60-degree  placing  of  the  cylinders  allows  the  generator,  i 
motor,  water  pump  and  other  attachments  to  be  mountec 
side  of  the  engine  crank  case  just  as  in  the  ordinary  four-< 
engine.  This  clears  the  valves  of  all  obstructions  and  ihi 
retop  is  placed  high  enough  to  be  easily  reached  itself.  ] 
is  by  battery  and  coil,  two  timer-distributors  being  used, 
each  block  of  six  cylinders. 

In  a  recent  test,  the  Packard  motor  used  but  one  gi 
eleven  miles,  which  is  very  good  mileage  for  an  engine 
horse  power.  To  allow  the  motor  to  be  used  at  contimi 
speed,  a  high-pressure  oiling  system  is  essential.  The  oil 
ried  up  from  the  crank  pins  to  the  piston  pins  by  pipi 
Inside  of  the  channel  of  the  "H''  section  of  the  connects 
There  are  but  three  main  erauk  shaft  bearings,  this  being 
wed  snficient  for  the  short  len^^i  ot  ^^  «wx&.  ^SGisid&. 
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f/emovable  Head 


i. — Sectional  View  of  the  Weidcly  Motor  Showing  Method  of 
Operating  Valves  by  Overhead  Camshaft 

k  shaft  and  piston  pin  leads,  oil  nnder  pressure  is  distrib- 
tlie  cam  shaft,  geoerator  shaft,  air  and  oil-pump  shafts 
timer  shaft.  Qyerflow  from  the  generator  shaft  cares  for 
t  chain  at  the  front  which  drires  the  camshaft  and  auxil- 
ta  placed  at  the  aide  of  the  motor. 
i/hCw/  that  the  marked  advantages  ol  ^ihe  'm.'Q\»T  'Q!K£g>% 
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twelve  cylinders  is  fonnd  in  actnal  road  operation,  where  it  i« 
possible  to  run  tbe  car  at  a  walking  pace  on  the  bigh  gear,  and 
it  is  also  possible  to  accelerate  from  this  low  speed  to  a  speed  of 
30  miles  per  hour  in  twelve  seconds  on  a  level  cement  road  on  the 
high  speed  ratio.  The  car  will  attain  a  road  speed  of  over  60 
miles  per  hour  with  no  perceptible  motor  vibration.    A  National 


Pig.  337. — Two  Methods  of  Operating  Valves  bv  Positive  Cam  Mecb- 
aniam  which  Closes  as  well  as  Opens  Them. 

twelve-cylinder  engine  will  also  be  offered  in  1916,  and  several 
other  makers  of  high-powered  ears  are  said  to  be  considering  this 
type  of  engine. 

Q.     What  is  the  detachable  cylinder  head  motor? 

A.  There  is  a  growing  tendency  on  the  part  of  the  designers 
to  use  the  detachable  cylinder  bead  construction  that  was  first 
introduced  in  a  commeteial  ■waj  o-a,  msAU^Vt  <iy Under  automobile 
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engines  by  Henry  Ford.  A  new  design  which  is  shown  at  Pig. 
336  incorporates  not  only  the  detachable  head  feature  haying 
valves  directly  in  the  head,  but  also  includes  an  overhead  cam 
shaft  with  practically  direct  actuation  of  the  valve  stem.  The 
construction  of  the  valve  operating  member  can  be  clearly  under- 
stood by  referring  to  the  illustration  at  the  top  of  Fig.  336.  As 
the  engine  outlined  is  a  six  cylinder  form,  twelve  valves  are  car- 
ried in  the  removable  head  member,  which  means  that  the  cam 
shaft  must  have  twelve  cams.  The  cam  shaft  is  driven  at  the  cen- 
tral point  by  means  of  a  worm  or  spiral  pinion  which  drives  a 
larger  spiral  gear  attached  to  the  cam  shaft.  In  order  to  relieve 
the  valve  stem  of  side  thrust,  a  cam  follower  is  interposed 
between  the  cam  and  the  top  of  the  valve  stem. 

Q.  What  are  springless  valves  and  what  are  their  advan- 
tages? 

A.  Springless  valves  are  the  latest  development  on  French 
racing  cars  and  it  is  possible  that  the  positively  operated  types 
will  be  introduced  on  pleasure  cars  also.  Two  makes  of  positively 
actuated  valves  are  shown  at  Fig.  337.  The  positive  valve  motor 
differs  from  the  conventional  form  by  having  no  necessity  for 
valve  springs,  as  a  cam  not  only  assures  the  opening  of  the  valve, 
but  also  causes  it  to  return  to  the  valve  seat.  In  this  respect  it 
is  much  like  the  sleeve  valve  motor  where  the  uncovering  of  the 
ports  is  absolutely  positive.  The  cars  equipped  with  these  valves 
were  a  success  in  long-distance  auto  races.  Claims  made  for  this 
type  of  valve  mechanism  include  the  possibility  of  a  higher  num- 
ber of  revolutions  and  consequently  greater  engine  power.  With 
the  spring  controlled,  single  cam  operated  valve  a  point  is  reached 
where  the  spring  is  not  capable  of  returning  the  valve  to  its  seat 
before  the  cam  has  again  begun  its  opening  movement.  It  is  pos- 
sible to  extend  the  limits  considerably  by  using  a  light  valve  on 
^  strong  spring,  but  the  valve  still  remains  a  limiting  factor  in 
the  speed  of  the  motor. 

Q.    Describe  typical  springless  valve  designs. 
A.    A  part  sectional  view  through  a  c^liwi^L^t  <A  ^si.  ^asfecafc 
desired  by  6.  Michaux  is  shown  at  "Pig.  ^'il-k,   'X^wKcfc  ^kx^  \:«^ 
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valves  per  cylinder  inclined  at  about  ten  degrees  from  the  ver- 
tical. The  valve  stems  are  of  large  diameter,  as  owing  to  positive 
control,  there  is  no  necessity  of  lightening  this  part  in  an  unusual 
degree.  A  single  overhead  cam  shaft  has  eight  pairs  of  cams, 
which  are  shown  in  detail  at  B,  For  each  valve  there  is  a  three- 
armed  rocker,  one  arm  of  which  is  connected  to  the  stem  of  the 
valve  and  the  two  others  are  in  contact  respectively  with  the 
opening  and  closing  cams.  The  connection  to  the  end  of  the  valve 
stem  is  made  by  a  short  connecting  link  which  is  screwed  on  to 
the  end  of  the  valve  stem  and  locked  in  position.  This  allows 
some  adjustment  to  be  made  between  the  valves  and  the  actuating 
rocker.  It  will  be  evident  that  one  cam  and  one  rocker  arm  pro- 
duces the  opening  of  the  valve  and  that  the  corresponding  rocker 
arm  and  cam  result  in  the. closing  of  the  valve.  If  the  opening  ' 
cam  has  the  usual  convex  profile  the  closing  cam  has  a  corre-  i 
spondingly  concave  profile.  It  will  be  noticed  that  a  light  valve 
spring  is  shown  in  drawing.  This  is  provided  to  give  a  final  seat- 
ing to  its  valve  after  it  has  been  closed  by  the  cam.  This  is  not 
absolutely  necessary,  as  an  engine  has  been  run  successfully  with- 
out these  springs.  The  whole  mechanism  is  contained  within  an 
overhead  aluminum  cover. 

4 

The  positive  valve  system  used  on  the  De  Lage  motor  is  shown  j 
at  D.  In  this  the  valves  are  actuated  as  shown  in  sectional  views 
D  and  E,  The  valve  system  is  unique  in  that  four  valves  are  pro- 
vided per  cylinder,  two  for  exhaust  and  two  for  intake.  The 
valves  are  mounted  side  by  side,  as  shown  at  E,  so  the  double 
actuator  member  may  be  operated  by  a  single  set  of  cams.  The  \ 
valve  operating  member  consists  of  a  yoke  having  guide  bars  at  • 
the  top  and  bottom.  The  actuating  cam  works  inside  of  this  yoke.  J 
The  usual  form  of  cam  acts  on  the  lower  portion  of  the  yoke  to  ^ 
open  the  valve,  while  the  concave  cam  acts  on  the  upper  part  to  , 
close  the  valves.  In  this  design  provision  is  made  for  expansion 
of  the  valve  stems  due  to  heat,  and  these  are  not  positively  con-  | 
nected  to  the  actuating  member.  As  shown  at  E,  the  valves  are 
held  against  the  seat  by  short  coil  springs  at  the  upper  end  of  the 
Btem.  These  are  very  stiff  and  are  only  intended  to  provide  for 
expansion.    A  slight  space  ia  MX  \ifc\:^^Ti  ^^  \ss^  ^t  the  valye 
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To  Carburetor 


n  and  Uie  portion  of  the  operating  member  that  bears  against 
m  vheu  the  regular  profile  cam  exerts  its  pressure  on  the  bot- 
1  of  the  rtdre  operating  mechanism,    A-uoX^^ec  -cvtOi^.-^  Sx^'^&a. 
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motor  design  is  that  the  cam  shafts  and  the  valve  operating  mem- 
bers are  carried  in  casings  attached  above  the  motor  by  honsinf 
supports  in  the  form  of  small  steel  pillars.  The  overhead  cam 
shafts  are  operated  by  means  of  bevel  gearing. 

Q.    What  is  the  Stewart  vacuum  fuel  feed? 

A.  One  of  the  marked  tendencies  has  been  the  adoption  of  a 
vacuum  fuel  feed  system  to  draw  the  gasoline  from  tanks  placed 
lower  than  the  carburetor  instead  of  using  either  exhaust  gas  or 
air  pressure  to  achieve  this  end.  The  device  generally  fitted  is  the 
Stewart  vacuum  feed  tank  which  is  clearly  shown  in  section  at 
Fig.  338-A,  and  method  of  application  to  the  side  of  a  motor  at 
Fig.  338-B.  In  this  system  the  suction  of  a  motor  is  employed  to 
draw  gasoline  from  the  main  fuel  tank  to  the  auxiliary  tank  inco^ 
porated  in  the  device  and  from  this  tank  the  liquid  flows  to  the 
carburetor.  It  is  claimed  that  all  the  advantages  of  the  pressure 
system  are  obtained  with  very  little  more  complication  than  is 
found  on  the  ordinary  gravity  feed.  The  mechanism  is  all  con- 
tained in  the  cylindrical  tank  shown,  which  may  be  mounted 
either  on  the  front  of  the  dash  or  on  the  side  of  the  engine  as 
shown  at  Fig.  338-B. 

The  tank  is  divided  into  two  chambers,  the  upper  one  being  the 
filling  chamber  and  the  lower  one  the  emptying  chamber.  The 
former,  which  is  at  the  top  of  the  device,  contains  the  fioat  valve, 
as  well  as  the  pipes  running  to  the  main  fuel  container  and  to 
the  intake  manifold.  The  lower  chamber  is  used  to  supply  the 
carburetor  with  gasoline  and  is  under  atmospheric  pressure  at 
all  times,  so  the  flow  of  fuel  from  it  is  by  means  of  gravity  only. 
Since  this  chamber  is  located  somewhat  above  the  carburetor, 
there  must  always  be  free  flow  of  fuel.  Atmospheric  pressure  is 
maintained  by  the  pipes  A  and  B,  the  latter  opening  into  the  air. 
In  order  that  the  fuel  will  be  sucked  from  a  main  tank  to  tiie 
upper  chamber,  the  suction  valve  must  be  opened  and  the  atmoi- 
pheric  valve  closed.  Under  these  conditions  the  fl6at  is  at  tiie 
bottom  and  the  suction  at  the  intake  manifold  produces  a  vacmni 
Jn  the  tank  which  draws  the  gasoline  from  the  main  tank  to  tkt 
upper  cbamber.    When  the  upper  eYiaxc^T  \%  ^^^  %l>3&i^\|eQiVt 
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height  the  float  rises  to  the  top,  this  closing  the  suction  valve  and 
opening  the  atmospheric  valve.  As  the  suction  is  now  cut  off,  the 
lower  chamber  is  filled  *by  gravity  owing  to  there  being  atmos- 
pheric pressure  in  both  upper  and  lower  chambers.  A  flap  valve 
is  provided  between  the  two  chambers  to  prevent  the  gasoline  in 
the  lower  one  from  being  sucked  back  into  the  upper  one.  The 
atmospheric  and  suction  valves  are  controlled  by  the  levers  G  and 
D,  both  of  which  are  pivoted  at  E,  their  outer  ends  being  con- 
nected by  two  coil  springs.  It  is  seen  that  the  arrangement  of 
these  two  springs  is  such  that  the  float  must  be  held  at  the 
extremity  of  its  movement,  and  that  it  cannot  assume  an  inter- 
mediate position. 

This  intermediate  action  is  required^  to  insure  that  the  upper 
part  of  the  tank  may  be  under  atmospheric  pressure  part  of  the 
time  for  the  gasoline  to  flow  to  the  lower  chamber.  When  the 
level  of  gasoline  drops  to  a  certain  point,  the  float  falls,  this 
opening  the  suction  valve  and  closing  the  atmospheric  valve.  The 
suction  of  the  motor  then  causes  a  flow  of  fuel  from  the  main  con- 
tainer. As  soon  as  the  level  rises  to  the  proper  height  the  float 
returns  to  its  upper  position.  It  takes  about  two  seconds  for  the 
chamber  to  become  full  enough  to  raise  the  float,  as  but  .05  gallon 
is  transferred  at  a  time.  The  pipe  running  from  the  bottom  of 
the  lower  chamber  to  the  carburetor  extends  up  a  way,  so  that 
there  is  but  little  chance  of  dirt  or  water  being  carried  to  the  float 
chamber. 

If  the  car  is  allowed  to  stand  long  enough  so  that  the  tank 
becomes  empty,  it  will  be  replenished  after  the  motor  has  been 
cranked  over  four  or  five  times  with  the  throttle  closed.  The 
installation  of  the  Stewart  Vacuum-Gravity  System  is  very  sim- 
ple. The  suction  pipe  tapped  into  the  manifold  at  a  point  as  neap 
the  cylinders  as  possible,  while  the  fuel  pipe  is  inserted  into  the 
gasoline  tank  and  runs  to  the  bottom  of  that  member.  There  is 
a  screen  at  the  end  of  the  fuel  pipe  to  prevent  any  trouble  due  to 
deposits  of  sediment  in  the  main  container.  As  the  fuel  is  sucked 
from  the  gasoline  tank  a  small  vent  must  be  made  in  the  tank 
filler  cap  so  that  the  pressure  in  the  main  tank  '^WS.  ^\!««^>8^>5fc^ 
that  of  the  atmosphere. 
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Q.   What  is  an  "air  stove"  and  how  is  it  iu«d? 

A.  In  tills  illustration  (Pig.  338)  is  also  shown  another  recoit 
impTDTement  In  carbaretion  at  C,  Owing  to  the  lower  grsda  at 
fuel  now  being  generally  supplied,  the  primary  inlet  of  the  csrbn- 
retor  is  connected  to  an  air  stove  fastened  to  the  exhaust  pipe  in 
order  that  heated  air  will  be  supplied  the  mixture.  This  asdBta 
in  YaporizatioQ.  The  fitting  outlined  is  exceptionally  nest,  inas- 
much as  it  is  a  casting  with  which  is  incorporated  the  discbu^ 
elbow  from  the  exhaust  valve  chambers  of  the  motor  to  which  the 
exhaust  pipe  leading  to  the  mufSer  is  secured. 


Kg.  341.^Recent  Developments  in  Automobile  Body  Dnlgn. 


Questions  and  Anatcers 


'^i 

I  ™w.l 

n  ' 

M 

111 

^. 

1 

IH 

'     EfGHT  CYLINDER  ']J 

1 

Clutch  case 

BRAKE  m05 

W: 

1 

BfiAKE  ROD  _J 

ASSEMBLY   si 

9 

I 

»  CANTILEVCR 
H/  5PRIIVG 

V          81 

^" 

IL^ 

1                   ' 

>     Jna 

C 

i     1 

f\-    J^ 

1 

L     ^ 

W 

-Plan  View  of   King  Eight  Cyltndei   A.iiionvQbUn  CVaswfh 
Late    Tread    in    Automobile    Deug^     'Sw*    ^:,'KMa«n«. 


602  Questions  and  Answers 

Q.    Have  any  changes  been  made  in  body  design? 

A.  The  pronounced  tendency  in  body  design  is  to  carry  out 
the  stream  line  effect  so  that  there  are  no  sharp  angles  anywhere 
on  the  body.  The  hood  meets  the  body,  which  is  provided  with  a 
cowl  dash.  An  example  of  an  extreme  ^T)oat  type^^  body  is  shown 
at  Fig*  341-A.  Seating  arrangements  have  been  changed  to  some 
extent.  At  B  a  "cluster^^  system  of  arranging  the  seats  for  carry- 
ing four  passengers  in  a  body  but  little  larger  than  that  usually 
provided  on  a  two  passenger  car  is  shown.  The  advantage  of  this 
arrangement  is  that  it  brings  all  passengers  near  the  center  of 
the  body  and  between  the  springs,  which  makes  for  easy  riding. 
A  clover  leaf  seating  arrangement  for  three  passengers  is  shown 
at  C.  In  the  body  outlined  at  D  the  seats  are  in  the  form  of 
movable  arm  chairs  which  may  be  placed  as  desired,  and  securely 
locked  after  they  are  located  to  suit  the  convenience  of  the 
occupants. 

Q.    What  are  the  tendencies  noted  in  modem  chassis  design? 

A.  An  example  of  a  modern  chassis  in  which  an  eight  cylinder 
V  type  engine  is  used  is  shown  at  Fig.  342.  This  shows  clearly  the 
combination  of  change  speed  gear  set  and  clutch  case  with  the 
engine  crank  case  to  form  the  unit  power  plant  and  also  outlines 
the  application  of  cantilever  springs,  which  are  used  on  many  of 
the  1916  cars.  The  tendency  toward  the  use  of  straight  brake 
rods  all  carried  inside  of  the  chassis  frame  is  also  clearly  outlined. 
The  practical  application  of  a  cantilever  spring  is  shown  at  Fig. 
34:3-A.  This  type  of  spring  is  said  to  be  easier  riding  than  any 
form  heretofore  developed  and  was  first  used  on  automobiles  by 
F.  W.  Lanchester,  of  England,  who  has  favored  this  type  for  years. 
With  a  cantilever  spring  there  is  less  unsprung  weight  on  the 
rear  axle  than  with  the  usual  type,  as  it  is  apparent  that  only 
those  portions  of  a  spring  which  move  up  and  down  through  the 
same  range  as  the  body  are  fully  spring  supported.  The  parts 
fastened  to  the  axle  are  wholly  unsprung  and  intermediate  por- 
tions are  only  partially  spring  supported.  Another  advantage  of 
tie  cantilever  spring  is  that  for  a  given  length  of  body  and  frame 
ft  permits  a  longer  wheel  base  or  pToViAa^  Xltkft  ^ass^a  ^^5^,  ^^^^^vv^ 
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e  spring  Ib  attached  to  the  frame  side  members  permits  of  in- 
easiiig  the  wheel  base  eight  op  ten  inches  over  that  possible  with 
conventional  semi-elliptie  or  three-quarter  elliptic  spring  unless 
ese  have  a  large  overhai^  at  the  rear  of  the  vehicle.    If  a  certain 


>1»  343^-Hcw  Hctbods  of  Springing  at  A.  and  B  and  Steel  PUM 
Universal  at  C 
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car  is  equipped  with  semi-elliptic  springs  and  these  are  changed 
over  so  the  mounting  is  as  a  cantilever  spring,  one  would  find 
that  they  deflect  more  than  before,  and  that  they  are  also  more 
susceptible  to  minute  road  irregularities  than  they  were  when 
hung  up  in  the  conventional  manner. 

Q.    How  is  the  cantilever  spring  usually  installed? 

A.  The  usual  method  of  hanging  a  cantilever  spring  is  shown 
at  A.  The  thickest  portion  of  the  spring  is  attached  to  a  fitting, 
which  rocks  on  a  hanger  pin  secured  on  the  frame  side.  The  front 
end  of  the  spring  is  shackled  to  the  spring  support  in  the  usual 
manner,  while  the  rear  end  is  attached  to  the  rear  axle.  Another 
tendency  is  to  use  the  underslung  semi-elliptic  or  three-quarter 
elliptic  springs,  as  shown  at  Fig.  343-B.  This  makes  it  possible 
to  carry  the  weight  lower  than  is  the  case  when  the  spring  is 
placed  on  the  top  of  the  axle,  and  it  also  permits  a  greater  range 
oi  spring  movement  without  cambering  the  frame  side  member 
unduly. 

Q.    What  is  the  leather  universal  joint  construction? 

A.  A  number  of  cars  now  use  spring  plate  or  leather  disc 
universal  joints  at  points  where  these  are  not  subjected  to  undue 
deflection  in  place  of  the  sliding  jaw  coupling  or  Oldham  coup- 
lings ^o  widely  used  heretofore.  A  point  where  they  could  be 
used  to  special  advantage  is  between  the  clutch  and  gear  case,  and 
for  magneto  or  starting  generator  drive.  Some  have  been  applied 
on  the  end  of  a  propeller  drive  shaft,  where  the  degree  of  move- 
ment was  not  apt  to  be  excessive  owing  to  the  use  of  straight  line 
drive.  The  construction  of  these  joints  is  clearly  shown  at  Fig. 
343-0.  Two  three  arm  driving  spiders  are  attached  to  a  flexible 
steel  ring,  or  to  a  series  of  leather  rings,  as  shown  in  the  iUustra* 
lion,  the  degree  of  flexibility  of  the  ring  member  being  such  ai 
to  permit  slight  disalignment,  and  at  the  same  time  secure  positiTi 
driving.  The  advantage  of  th\«  form  of  joint  is  that  it  is  quiet 
in  action  and  that  there  is  notToing  \»  ^e«t  wsX. 
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Q.    What  is  a  hydraulic  brake? 

A.  A  novel  method  of  actnating  the  rear  wheel  brakes  on  the 
1915  Knox  tractor  is  shown  at  Fig.  344.  Instead  of  the  nsiul 
mechanical  leverage  the  brakes  are  applied  by  hydraulic  pressDre. 
The  hand  lever  works  a  pump  plunger  which  forces  oil  into  the 
cylinder  of  a  brake  actuating  member  carried  on  the  radios  rods. 
When  the  applying  lever  is  worked  back  and  forth,  it  acts  bb  i 
pump-handle,  and  forces  liquid  into  the  braking  cylinder.  By 
having  a  difference  in  size  between  the  pump  plunger  and  that 


"^igr.  5*J.— Assembled  View  oS  "^^  VJaXxw  tQivavt  ^r«*i 
atA— View  of  Ring  Qeai,I>\ficter»^^^M\aa.^i'«r.™ 
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actuating  the  brake  a  great  increase  in  power  is  obtained  and  the 
brakes  may  be  applied  with  very  little  exertion.  When  it  is 
desired  to  release  the  brakes,  the  lever  is  thrown  way  forward, 
which  opens  a  bypass  valve  which  allows  the  oil  to  flow  back  into 
the  container,  relieving  the  pressure  against  the  brake  actuating 
plunger.  This  is  then  drawn  back  by  the  brake  release  spring 
and  forces  the  liquid  out  of  the  braking  cylinder.  The  brakes  are 
of  the  usual  friction  band  form. 

Q.    What  is  the  positive  drive  differential? 

A,  A  new  type  of  worm  differential  which  is  of  exceedingly 
simple  design,  and  which  has  the  meritorious  feature  of  driving 
both  wheels,  regardless  of  the  traction  condition  of  either,  haa 
been  put  on  the  market  under  the  name  of  the  Walter  positive 
drive  differential.  The  differential  consists  of  two  pairs  of  spiral 
gears  mounted  in  a  two-part  housing  as  shown  in  the  accompany- 
ing illustration.  The  two  pairs  of  spiral  gears  mesh  together  and 
also  mesh  with  worms  mounted  in  the  housing  and  on  the  drive- 
shaft.  The  housing  is  in  halves  which  are  alike  except  for  the 
flange  for  the  bevel  gear.  The  two  bolts  which  hold  the  housing 
together  set  one  ahead  of  the  other  in  order  to  bring  the  spiral 
gear  pairs  into  direct  mesh. 

The  worm  can  be  given  any  desired  pitch  within  the  limits  of 
good  practice,  but  in  the  standard  design  they  will  have  a  22.5 
degree  lead  angle,  as  tl^s  has  been  found  to  be  the  best  in  prac- 
tice. The  construction  is  not  limited,  however,  to  any  specia] 
spiral  angle.  With  this  construction,  the  operation  will  be  aa 
follows:  The  driving  resistances  of  the  wheel  tend  to  rotate  the 
spiral  gears  on  their  pins  in  opposite  directions.  When  one,  whee] 
has  a  greater  resistance  the  inequality  of  force  cannot  drive  tb* 
other  wheel  faster,  as  the  spiral  gear  cannot  drive  the  worm  on 
account  of  the  relationship  of  the  pitch  angle  to  one  another.  The 
result  is  that  both  wheels  are  positively  driven.  When  turning, 
the  outside  wheel  rolls  faster  and  so  permits  the  inside  wheel  to 
turn  correspondingly  slower,  giving  a  compensating  dxSsst^eeiHssii. 
action. 
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Worm  gearing  has  been  chosen  because  it  provides  strengtih, 
while  at  the  same  time  giving  a  smooth  and  pliant  action.  The 
flexibility  of  the  worm  gearing  is  very  eflEective  in  diTninishiTig 
the  shocks  transmitted  through  the  differential  mechanism.  ¥in 
advantages  are  claimed  for  this  type  of  differential.  These  may 
be  briefly  summarized  as  follows :  1 — The  car  will  not  stall  if  a 
single  wheel  alone  has  traction.  2 — The  motor  power  is  used  more 
effectively,  as  both  wheels  are  steadily  driven.  8 — ^Skidding  is 
eliminated  in  many  cases,  due  to  the  steady  driving  of  both  wheels. 
4 — ^More  even  pulling  is  secured  on  a  rough  road  for  the  same 
reason.  5 — The  wear  and  strain  on  tires  due  to  an  accelerated 
or  spinning  wheel  recovering  the  road  is  eliminated,  a  notable 
advantage  for  economy. 

Q.    What  is  the  Entz  electric  transmission? 

A.  This  system  was  first  devised  eight  or  nine  years  ago,  and  has 
been  recently  reintroduced  in  an  improved  and  simplified  form. 
The  appearance  of  the  unit  is  clearly  shown  at  Fig.  346.  Bolted  to 
the  rear  of  the  engine  crank  shaft  is  an  aluminum  housing,  which 
carries  the  electrical  system.  Two  arms  of  this  crank  case  rest  on 
the  chassis  frame  to  support  it.  Inside  of  the  housing  is  another 
case  bolted  to  a  flange  at  the  rear  end  of  the  crank  shaft.  This  is  the 
frame  of  the  forward  unit  of  transmission,  which  carries  the  field 
coils,  and  which  acts  as  a  flywheel  for  the  engine.  To  the  rear  end 
of  the  stationary  outside  housing  the  field^frame  of  the  rear  elec- 
trical unit,  which  is  intended  to  be  stationary,  is  attached.  The 
armatures  of  both  units  are  attached  to  the  same  shaft. 

Under  conditions  of  light  running,  when  the  high  gear  or  direct 
drive  would  be  used  in  a  car  equipped  with  a  sliding  gear  trans- 
mission, the  armature  of  the  Entz  system  is  short  circuited,  tat 
the  slippage  and  loss  then  amounts  to  only  a  few  per  cent. 

When  the  resistance  to  car  movement  is  greater,  so  that  a  lower 

gear  must  be  employed,  in  the  gear  driven  cars,  with  the  Entz  vfl- 

tern,  the  current  produced  in  the  first  armature  by  the  slip  is  sent  to 

the  windings  of  the  motor  NTVier^  \\.  ^T^duc^  xisefol  mechanitiil 

power.    As  the  armature  oi  t\ift  TcvicA.oT  \^  Bftssox^  \«i  ^<^  ^^eci^fSML 
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shaft  it  transforms  the  electrical  energy  produced  by  the  dip  at  the 
generator  to  mechanical  power,  which  supplements  that  transmitted 
by  the  generator  armature.  The  windings  of  the  second  machine 
are  such  that  the  electric  system  can  increase  the  torque  or  turning 
effort  of  the  engine  three  times,  at  the  same  time  reducing  the  speed 
of  driving  pinion  rotation  at  the  rear  axle  to  one-third  that  of  the 
engine  speed.  The  engine  is  permitted  to  develop  its  full  power,  and 
to  turn  at  such  speed  as  is  necessary  to  secure  this  effect,  and  when 
the  resistance  to  road  wheel  rotation  is  such  that  these  must  turn 
slower,  instead  of  slowing  up  the  engine  speed  it  may  be  kept  at  the 
same  point  and  the  armature  of  the  generator  allowed  to  slip  and 
generate  current,  which  is  then  directed  to  the  second  machine. 

Q.    What  are  the  latest  engine  developments? 

A.  It  is  not  only  in  multiplying  the  number  of  cylinders  or 
arranging  them  in  V  form  to  obtain  compactness  that  the  automo- 
bile power  plant  of  1921  has  been  improved.  The  speeds  of  crank- 
shaft rotation  are  higher  than  ever  before,  and  many  touring  car 
motors  run  at  higher  speeds  than  the  racing  car  power  plants  of 
a  few  years  ago.  More  power  is  therefore  obtained  for  a  given 
piston  displacement  than  formerly;  this  being  made  possible  by 
an  increase  in  valve  sizes,  changes  in  compression  ratios  and  the 
adoption  of  automatic  pressure  feed  lubricating  systems  that  insure 
the  thorough  lubrication  of  every  internal  motor  part.  The  great 
increase  in  crankshaft  speed  has  been  made  possible  by  better 
balancing  and  the  lightening  of  reciprocating  parts  by  using  lighter 
pistons  of  aluminum  alloy.    These  are  fully  described  herewith. 

Q.    Outline  use  of  aluminum  in  motor  parts. 

A.     Aluminum  pistons  outlined  at  Fig.  347,  C,  D,  E  and  tf 

have  replaced  cast  iron  members  in  many  motors,  as  these  wei|^ 

about  one-third  as  much  as  the  cast  iron  forms  of  the  same  mxb, 

while  the  reduction  in  the  inertia  forces  has  made  it  possible  to 

increase  the  engine  speed  m\XiO\x\.  e,oTt«ek^^Tkft5ai3^g:^  sAxetmng  lie 

connecting  rods,  crankshait  anflL  eiv\gm^  Xjearai^- 
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Aluminum  has  not  only  been  used  for  pistons,  but  a  number  ol 
motors  will  be  built  for  the  coming  season  that  will  use  aluminum 
cylinder  block  castings  as  well  as  shown  at  Fig.  347-B.    Of  course, 
the  aluminum  alloy  is  too  soft  to  be  used  as  a  bearing  for  the 
piston,  and  it  will  not  withstand  the  hammering  action  of  the  valve. 
This  makes  the  use  oi  cast  iron  imperative  in  all  motors*  When 
used  in  connection  with  an  aluminum  cylinder  block  the  cast  iron 
pieces  are  placed  in  the  mould  so  that  they  act  as  cylinder  liners 
and  valve  seats,  and  the  molten  metal  is  poured  around  them  when 
the  cylinder  is  cast.    It  is  said  that  this  construction  results  in  an 
intimate  bond  between  the  cast  iron  and  the  surrounding  aluminum 
metal.    Aluminum  has  for  a  number  of  years  been  ilsed  in  many 
motor  car  parts.     Alloys  have  been  developed  that  have  greater 
strength  than  cast  iron  and  that  are  not  so  brittle.     Its'  use  for 
manifolds,  clutch  cones  and  engine  crank  and  gear  cases  has  been 
general  for  a  number  of  years. 

At  first  thought  it  would  seem  as  though  aluminum  would  be 
entirely  unsuited  for  use  in  those  portions  of  internal  combustion 
engines  exposed  to  the  heat  of  the  explosion,  on  account  of  the  low 
melting  point  of  that  metal  and  its  disadvantageous  quality  of 
suddenly  "wilting"  when  a  critical  point  in  the  temperature  is 
reached.  Those  who  hesitated  to  use  aluminum  on  account  of  this 
defect  lost  sight  of  the  great  heat  conductivity  of  that  metal,  which 
is  considerably  more  than  that  of  cast  iron.  It  was  found  in  early 
experiments  with  aluminum  pistons  that  this  quality  of  quick  radi- 
ation meant  that  aluminum  pistons  remained  considerably  cooler 
than  cast  iron  ones  in  service,  which  was  attested  to  by  the  reduced 
formation  of  carbon  deposits  thereon.  The  use  of  aluminum  makes 
possible  a  marked  reduction  in  power  plant  weight.  A  small  four 
cylinder  engine  which  was  not  particularly  heavy  even  with  cast 
iron  cylinders  was  found  to  weigh  100  pounds  less  when  fhfl 
cylinder  block,  pistons,  and  upper  half  of  the  crank  case  had  been 
made  of  aluminum  instead  of  cast  iroa. 
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Q.    Explain  latest  types  of  battery  ignition. 

A.  Because  of  t&e  almost  universal  employment  of  electricity 
for  lighting  and  starting  systems,  the  battery  ignition  system  has* 
been  improved  materially  inasmuch  as  the  storage  battery  supply- 
ing the  current  is  constantly  charged  by  a  generator,  A  numbei 
of  systems  has  been  devised,  these  operating  on  two  diflEerent  prin- 
ciples, the  open  and  the  closed  circuit. 


Fig.  348.— Atwater-Kent  Uni-Sparker  System, 

One  of  the  best  known  of  the  short  contact  forms  of  timer  is  the 
Atwater-Kent,  which  is  usually  combined  with  a  secondary  dis- 
tributor as  shown  at  Fig,  349.  The  method  of  placing  this  timing 
and  distributing  member  in  circuit  is  clearly  shown  in  wiring 
diagram  Fig.  348.  The  advantage  of  a  timer  o£  the  form  shown, 
as  contrasted  to  the  simple  type  previously  considered,  is  that  a 
one  unit  induction  coil  will  serve  any  number  of  cylinders  from 
2  to  8,  whereas  with  the  roller  type  a  separate  induction  eoil  is 
needed  for  each  cylinder  to  be  fired.  It  will  be  observed  that  the 
eoile  used  with  the  Atwater-Kent  system  li»s  ^^e  \fe"rKtm5^'a.,  ^.^s^  '^S- 
tiieae  being  primary  terminals,  one  at  ttie  cea\«s  cl  *CGft.  «ys^"'«s^ 
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a  secondary  or  high  tension  terminal.  A  set  of  six  dry  cells  con- 
nected in  series  is  wired  to  one  side  of  the  coil  box  as  indicated. 
Pne  of  the  two  remaining  primary  terminals  runs  to  the  primary 
contact  at  the  bottom  of  the  interrupter,  the  other  to  a  groundit^ 
screw  attached  to  the  interrupter  casing.  The  secondary  terminal 
is  connected  to  the  central  terminal  of  the  distributor,  while  the 
remaining  four  terminals  are  joined  to  the  plugs  in  the  engine 
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Fig.  349. — Showing  Constniction  of  Atw&ter-Kent  Uni-Sparker. 

cylinders  in  such  order  as  to  insure  proper  sequence  of  explo8i<m& 
,  The  external  view  of  the  Atwater-Kent  uni-sparker  is  shown  at 

Pig.  349,  A.    In  this  a  centrifugal  mechanism  is  contained  in  the 

lower  part  of  the  casing  by  which  the   spark  is   automaticallf 

advanced  as  the  speed  of  the  engine  increases. 

The  only  points  that  will  wear  on  a  device  of  this  character  are 

the  contact  points  whieli  are  alearly  shown  in  the  view  of  the  con- 
tact breaker  mechanism  at  B.    "SVfc  TCCTi5tra«t  *i»&.  \a.  ysut  oenter 
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has  a  number  of  notches,  two,  three,  four,  six,  or  eight,  according 
to  the  number  of  cylinders  to  be  fired,  cut  into  it.  A  light,  hard- 
ened steel  trigger,  B,  is  held  against  the  shaft  at  this  point  by  a 
small  spring.  On  turning  the  shaft  this  trigger  is  carried  forward 
by  the  notches  in  the  shaft,  and  is  suddenly  released  as  the  hook 
end  leaves  the  notch.  In  so  doing  the  back  of  the  trigger  strikes 
a  small  pivoted  hammer,  D,  situated  between  the  trigger  and  the 
spring  carrying  the  contact  points.  This  causes  the  contact  points, 
K,  to  open  and  close  with  remarkable  rapidity,  but  one  contact 
being  made  for  each  spark.  When  it  is  desired  to  adjust  the  plati- 
num contact  points,  as  when  they  show  signs  of  wear,  it  is  only 
necessary  to  remove  one  or  more  of  a  number  of  extremely  thin 
washers  under  the  head  of  the  adjustment  screw  and  to  replace 
the  screw.  The  contact  point  should  be  absolutely  clean  and  bright 
and  have  smooth  contacting  surfaces.  The  distributor  portion  of 
the  device  consists  of  a  hard  rubber  block  fitted  to  the  top  of  the 
primary  shaft,  this  carrying  a  brass  quadrant  that  passes  the 
high  tension  current  to  the  spark  plugs  by  means  of  the  terminal 
points  imbedded  in  the  hemispherical  cover.  There  is  no  actual 
contact  between  the  rotating  quadrant  and  the  distributor  points, 
as  the  high  tension  current  is  capable  of  jumping  the  very  slight 
gap  that  exists  between  them.  Owing  to  there  being  no  actual 
contact,  there  will  be  no  depreciation  in  the  distributor  or  upper 
portion.  The  center  terminal,  which  is  in  connection  with  the 
induction  coil,  is  a  combination  of  carbon  and  brass,  and  a  light, 
flat  spring  on  the  quadrant  bears  against  it  to  maintain  positive 
electrical  connection.  The  distributor  cover  is  easily  removed  with- 
out the  use  of  tools,  as  it  is  held  by  spring  clips.  Location  or  dowel 
pins  in  its  lower  edge  insure  that  it  will  be  replaced  in  the  correct 
position. 

Q.    What  is  the  "closed  circuit"  system? 

A.     An  example  of  the  closed  circuit  system  is  shown  at  C,  Fig. 
350,  and  is  of  Connecticut  design,  the  complete  ignition  system 
consisting  of  a  combined  timer  and  high  tension  distributor,  a 
separate  induction  coil  and  a  switch.     The  system  is  distinetw^^  nxj^. 
that  the  timer  is  so  constructed  that  ttie  pTvavbx^  <£Yt^x»X»  <^*t  ^^^^ 
eoil  is  permitted  to  become  thoroughly  Hatw"ta\.^^  nt^JCg.  ^^^-^^st^^ss.^ 
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before  the  points  separate,  with  a  result  that  a  spark  of  mairimum! 
intensity  is  produced.  The  action  is  very  much  the  same  as  thitj 
of  a  magneto  on  account  of  the  saturation  of  the  winding.  Another: 
feature  is  the  incorporation  with  the  switch  of  a  thermostatically  | 
operated  electro-magnetic  device  which  automatically  breaks  thai 
connection  between  the  battery  and  coil  should  the  switch  be  left' 
on  with  the  motor  idle. 

The  contact  breaker  mechanism  consists  of  an  arm  A  carrying 
one  contact,  a  stationary  block  B  carrying  the  other  contact,  % 
fiber  roller  B  which  is  carried  by  the  arm  A  and  operated  \sf 
points  on  the  cam  C,  which  is  mounted  on  the  driving  shaft.  No^ 
mally  the  contacts  are  held  together  under  the  action  of  a  light 
spring.  As  the  four  cams,  which  in  touching  the  roller  B  raiae 
the  arm  and  separate  the  contacts,  are  90  degrees  for  a  foM- 
cylinder  motor,  the  period  of  saturation  of  the  coil  or  the  length 
of  time  the  current  flows  through  it  to  the  battery  is  sufSciently 
long  so  that  when  the  points  have  separated  the  current  which  hai 
"piled^^  up  induces  an  intensely  hot  spark  at  the  plugs.  This  il 
an  advantage  inasmuch  as  it  insures  prompt  starting  and  regular 
ignition  at  low  engine  speed  as  well  as  providing  positive  ignition 
at  high  engine  speed.  { 

The  thermostatic  circuit  breaking  mechanism  is  very  simple. 
This  consists  of  the  thermostat  T,  which  heats  when  the  conent 
passes  through  it  for  from  thirty  seconds  to  four  minutes  witiioot 
interruption,  and  thus  is  bent  downward,  making  contact  with  tha 
contact  L.  This  completes  an  electrical  circuit  which  energizes; 
the  magnets  M,  causing  the  arm  K  to  operate  like  the  clapper  m- 
an  electric  bell.  This  arm  strikes  against  the  plate,  which  releassi 
whichever  of  the  two  buttons  in  the  switch  may  be  depressed. 

As  will  be  observed,  the  transformer  coil  provided  has  five  te^ 
minals.  One  of  these  is  directly  connected  with  the  ground,  Am 
other  leads  to  the  central  secondary  distributing  brush  of  the  tini8B< 
distributor.  Of  the  three  primary  leads,  one  goes  to  the  switbh, 
one  to  the  wire  leading  from  the  storage  battery  to  the  timer,  and 
one  directly  to  a  terminal  on  the  timer.  The  switch  is  provided 
with  three  j^uttons,  the  one  maTk^di  B  \i«v3aj^  ^'K^T^ased  to  start  the 
engine,  as  the  ignition  curreii^.  \a  Wvca  ^«^mlTOTi.^^^5tfstM^\ihi 


Questions  and  Answers 


617 


618  Questions  and  Answers 

tery.  After  the  engine  has  been  started  the  button  marked  M  is 
pressed  in,  this  taking  the  current  directly  from  the  generator.  To 
interrupt  ignition  the  button  "off"  is  pressed  in,  this  releasing 
whichever  of  the  buttons,  B  or  M,  is  depressed.  Four  wires  run 
from  the  distributor  section  of  the  igniter  to  the  spark  plug. 

Q.    Describe  Remy  ignition  system. 

A.  The  Remy  system  also  operates  on  the  closed  circuit  prin- 
ciple and  is  shown  at  A,  Fig.  350,  in  a  form  adapted  for  six-cylinder 
engine  ignition.  The  transformer  coil  is  of  the  three  terminal  type, 
one  secondary  going  to  the  central  secondary  distributing  brush  of 
the  timer  while  one  primary  is  joined  to  the  primary  contact  ter- 
minal of  the  timer  portion  of  the  igniter.  The  remaining  coil  ter- 
minal is  joined  to  the  switch.  One  of  the  poles  of  the  storage  ba^ 
tery  and  one  of  the  series  connected  dry  cell  batteries  are  grounded, 
while  from  the  other  two  the  wires  run  to  the  switch  contacts.  The 
current  may  thus  be  derived  either  from  the  dry  cell  batteries  for 
emergency  or  from  the  storage  battery  for  regular  ignition  purposes. 
The  construction  of  the  timer  which  incorporates  the  breaker  mech- 
anism is  clearly  shown.  The  movable  platinum  contact  point  ia 
carried  by  the  arm  A,  which  fulcrums  on  the  bearing  8,  and  which 
has  a  piece  of  hard  steel  F  riveted  to  it  to  act  as  a  cam  rider.  The 
cam  C  is  of  hexagonal  form,  having  six  points  which  separate  the 
contacts  when  they  ride  over  the  shoe  F  attached  to  the  arm  A, 
The  fixed  platinum  contact  point  B  is  so  arranged  that  it  may  be 
adjusted  by  moving  in  or  out  as  conditions  demand.  It  is  to  the 
member  that  the  primary  terminal  of  the  coil  is  connected. 

Q.    Describe  typical  timer  distributor. 

A.  A  typical  combined  timer  distributor  known  as  the  Halla- 
day  is  shown  at  B,  Fig.  350.  The  make  and  break  mechanism  is 
very  simple  in  design,  as  is  the  distributing  mechanism.  The  con- 
tact between  the  platinum  points  is  established  by  a  four  point 
cam.  The  secondary  current  is  distributed  from  the  central  ter- 
minal to  the  four  distributing  terminals  by  a  carbon  brush  veiy 
much  similar  in  design  to  that  employed  in  a  high  tension  magneto. 
This  operates  on  the  open  eirewix  pT\iv^\^\^, 
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ELECTRIC  STARTING  SYSTEMS 

Q^  Name  principal  types  of  motor  starters,  and  give  advan* 
tages  of  most  popular  system. 

A.  Automatic  motor  starters  may  be  of  three  general  types, 
mechanical  starters,  which  include  various  leverage,  spring  and 
gearing  combinations  that  replace  the  starting  crank,  air  starters, 
in  which  compressed  air  is  admitted  to  the  motor  cylinders  from  a 
tank  where  it  is  stored  under  pressure,  and  electric  starters  where 
a  small  motor  is  employed  to  rotate  the  crank  shaft  by  some  direct 
mechanical  connection.  The  electric  starter  is  the  most  popular 
type  because  on  most  cars  electric  lighting  systems  may  be  operated 
from  the  same  battery  and  dynamo  that  supplies  current  for  the 
starting  motor.  The  electric  starter  is  an  easily  operated  form 
and  can  be  proportioned  so  that  it  will  turn  an  engine  over  posi- 
tively. In  fact,  some  electric  starters  are  powerful  enough  to 
actually  propel  the  car  a  short  distance. 

The  disadvantage  of  the  mechanical  starters,  which  comprise 
the  various  spring  and  lever  type,  is  that  they  depend  to  a  certain 
extent  on  human  power.  The  spring  of  a  spring  starter  is  capable 
of  giving  the  motor  eight  or  ten  brisk  turns  before  the  spring  wilj 
be  unwound  and  provision  is  made  for  automatically  rewinding  the 
spring  by  the  motor  power  as  soon  as  the  engine  starts.  If  the 
engine  fails  to  start,  owing  to  some  defect  in  carburetion  or  igni- 
tion, and  the  spring  becomes  unwound,  it  is  necessary  for  the 
operator  to  rewind  the  springs  by  means  of  a  small  crank  provided 
for  that  purpose,  a  somewhat  tedious  proceeding.  The  usual  form 
of  mechanical  starter  requires  almost  as  much  energy  to  start  the 
motor  as  is  needed  at  the  starting  crank  of  the  ordinary  pattern, 
the  only  advantage  being  in  most  cases  the  power  plant  may  be 
put  in  motion  from  the  seat. 
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An  air  starter  system  has  a  disadvantage  in  that  the  air  is  apt 
to  cool  the  cylinders  and  prevent  proper  starting  on  account  of 
condensing  the  gas  and  also  preventing  the  cylinder  from  taking 
in  a  charge  of  good  rich  gas,  as  it  does  when  cranked  by  external 
means.  It  is  evident  that  the  air  supplied  the  cylinders  must 
dilute  the  entering  charge  of  gas  to  some  extent  as  well  as  prevent 
the  motor  from  taking  in  the  proper  charges.  Several  air  starters 
have  been  designed  that  have  given  good  results  in  practice,  how- 
ever. 

Q.    Describe  typical  air  starter  system. 

A.  A  typical  air  starter  system  is  shown  at  Fig.  351.  The  air 
is  supplied  by  a  four  cylinder  air  pressure  pump  which  directs  it 
to  a  storage  tank,  through  a  suitable  return  check  valve.  A  pipe 
leading  from  the  storage  tank  goes  to  a  distributor  fitting,  driven 
by  the  motor,  which  directs  an  air  current  only  to  the  cylinder 
which  is  at  the  firing  point  when  the  main  operating  valves  are 
opened.  The  air  is  directed  against  the  top  of  the  piston  and  as 
it  has  a  pressure  of  150  or  160  pounds  per  square  inch  it  will  give 
a  series  of  initial  impulses  to  the  pistons  and  turn  over  the  crank 
shaft  until  the  charge  of  gas  drawn  into  one  of  the  cylinders  while 
the  shaft  is  rotating  explodes  and  permits  the  engine  to  take  np 
its  cycle  of  operation.  The  system  shown  was  used  on  early  Chalmers 
cars  and  a  similar  system  was  incorporated  in  the  "Winton  auto- 
mobile as  well.  An  advantage  of  the  air  starting  system  is  that 
one  always  has  a  supply  of  fresh  cool  air  under  pressure  to  blow 
up  tires  with.  A  simple  valve  is  included  in  the  pipe  line  so  a 
rubber  hose  may  be  run  from  the  dash  to  any  one  of  the  tires 
needing  infiation. 

Q.    How  do   mechanical  starters  work  and   describe   sotnt 
typical  forms. 

A.    While  different  makes  of  cars  have  been  marketed  using  air 

starting  systems,  there  has  been  no  car  offered  with  a  mechanical 

starter,  so  wherever  these  are  used  they  have  been  applied  by  the 

owner  of  the  vehicle  and  not  the  manufacturer.     Owing  to  th 

wjfJe  A'stribution  of  the  "Foxd  automobile,  and  the  fact  that  the 
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makers  make  no  provision  for  a  self -starting  motor,  various  fonmi 
of  simple  starters  by  which  the  motor  may  be  cranked  from  the 
seat  have  been  offered.  Two  of  these  are  shown  at  the  top  of 
Fig.  352.  That  at  A  consists  of  a  rachet  clutch  which  is  attached 
to  the  starting  end  of  the  crankshaft  and  which  is  operated  by 
means  of  chain  connection  with  the  smaller  pulley  of  a  two  diam- 
eter pulley  wheel.  The  larger  wheel  carries  a  wire  cable  which 
is  attached  to  a  straight  rod  running  through  the  dash  board  and 
terminating  in  a  handle  convenient  to  the  driver^s  hand.  A  pull 
on  the  spade  type  handle  provided  at  the  end  of  the  rod  will  move 
the  pulley  wheel  and  produce  a  corresponding  movement  of  the 
starting  rachet  which  turns  the  engine  crankshaft  oyer  in  the  same 
way  as  the  hand  crank  does.  A  modification  of  the  device  shown 
at  A  is  outlined  at  B,  This  works  on  the  same  principle,  except 
that  an  odd-shaped  member  is  used  to  turn  over  the  engine  crank- 
shaft. These  devices  are  in  no  sense  of  the  word  "self-starters,'' 
but  on  light  motor  cars  they  provide  an  effective  substitute  in 
that  the  engine  may  be  turned  over  without  undue  exertion  and 
without  leaving  the  seat.  This  is  an  advantage  of  some  moment 
when  the  engine  stalls  in  trafiSc,  or  under  conditions  where  it  would 
be  inconvenient  to  get  out  of  the  car. 

Q.    Do  all  mechanical  starters  attach  to  the  front  of  the  engine 
crankshaft? 

A.  Two  types  of  mechanical  starters  known  as  the  Wilkinson 
are  shown  at  the  bottom  of  the  illustration,  Fig.  352.  The  one  at 
D  is  operated  by  pulling  a  handle  on  the  dash,  the  one  at  C  by  a 
pedal  designed  for  foot  actuation.  The  mechanism  is  such  that 
the  flywheel  is  pushed  around  by  a  lever  which  will  engage  with 
either  a  stud  or  a  shoulder  on  the  flywheel.  The  type  at  the  left 
uses  the  studded  flywheel,  there  being  four  of  these  marked  "S* 
"When  the  arm  C  is  moved  by  depressing  a  pedal,  the  finger  A 
contacts  with  one  of  the  stubs  and  turns  the  fiywheel.  Betom 
engagement  is  produced  by  the  large  spring  shown.  In  order  to 
minimize  liability  of  injury  from  backfire,  the  Wilkinson  deviee 
js  constructed  so  that  tlie  paw\  D  T\a«&  ^la.  \5si<^  ^%sdl  ^Vi<s.li  beM 
against  the  collar  E,  and  th\x»  AAito^^  \)5v^  ^m%^T  wsX.  ^1 
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t  with  flie  stud.  One  thmat  of  the  pedal  will  tnm  the 
heel  of  a  four-cylinder  engine  sufficiently  to  cause  one 
ider  to  fire  shoold  ignition  and  carbnretion  Bysteme  be 
itiomng  properly.       The  type  at  I)  is  just  ae  simple,  bnt  is 


line  Engine  from  the  Operator's  Seat. 

lifled  somewhat  in  its  construction.  In  this  a  band  lever  is 
I  to  rotate  the  flywheel,  and  Instead  of  using  studs  on  the 
heel  rim,  four  shoulders  in  the  interior  periphery  do  the  work. 
le  shoolders  may  be  cast  with  the  wheel,  or  in  some  cars  it  is 
ible  to  have  them  cut  in  the  flywheel.  TVia  o^CTaS-wfci.  \9.  <Kft. 
■  as  that  of  the  type  previously  describeA  aa  ^t  ia<5^'«t«s*.  ^V 
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the  cable  causes  the  finger  to  engage  with  one  of  the  shoulders, 
and  thus  turn  the  flywheel. 

Q,   How  do  electric  starters  work  and  how  are  they  classified? 

A.  Electric  lighting,  cranking  and  ignition  systems  for  motor 
cars  are  of  such  recent  development  that  it  is  not  possible  to 
describe  all  systems  used  for  this  purpose.  Not  only  do  the  indi-  ' 
vidual  systems  vary  in  detail,  but  the  components  of  the  same  i 
system  are  often  of  different  construction  when  used  on  cars  of 
different  makes.  The  standard  equipment  must  include  three  im- 
portant functions,  naiijely,  the  generator  which  is  driven  by  the 
engine  end  which  produces  electric  current  to  keep  a  storage  bat- 
tery charged,  and  the  starting  motor  which  is  in  mechanical  con- 
nection with  the  engine  and  in  electrical  connection  with  the 
storage  battery  when  it  is  desired  to  turn  the  engine  over  for 
starting.  If  the  motor  and  generator  are  combined  in  one  instru- 
ment the  starting  system  is  known  as  a  one  unit  type.  If  the 
motor  is  one  appliance  and  the  generator  another,  the  system  is 
said  to  be  a  two  unit  system.  Each  of  these  has  advantages,  and 
both  forms  have  demonstrated  that  they  are  thoroughly  practical 

Q.    Name  other  parts  of  electric  starting  system. 

A.  In  addition  to  the  three  main  items  enumerated,  various 
accessories,  such*'  as  switches,  ammeters,  connectors,  wiring,  pro- 
tective circuit  breakers,  automatic  current  regulators,  etc.,  are 
necessary  for  the  convenient  distribution  and  control  of  the  electric 
current. 

Q.    Describe  arrangement  of  parts  of  "one  unit"  system. 

A.  The  elements  of  a  one  unit  system  are  shown  in  diagran 
form  at  the  bottom  of  Fig.  353.  It  will  be  observed  that  the  arma- 
ture carries  two  commutators,  one  of  which  is  used  when  the  armft- 
t?ure  is  driven  by  the  engine,  and  when  the  device  serves  as  i 
current  generator,  the  other  being  employed  when  the  operating 
conditions  are  reversed  and  the  electrical  machine  is  acting  as  a 
motor  to  turn  over  the  engme  exaxxkaliatt,  "When  the  device  ii 
driven  aa  a  generator  the  8ma\i  ^^\3a%  y^^^  ^"^  ^^  ^SdissiH.  ^stA. 
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of  the  shaft  is  out  of  engagement  with  the  spur  gear  «at  w  ibe  ^^ 
flywheel  exterior.  When  it  is  desired  to  start  the  engine  the  qinr  - 
gear  is  meshed  with  the  member  cut  on  the  flywheel  and  the  cur- 
rent from  the  storage  battery  is  directed  to  the  windings  of  the 
electric  machine  which  becomes  a  motor  and  which  turns  over  the 
engine  crankshaft.  When  the  device  is  working  as  a  generator 
the  current  that  is  developed  goes  to  the  storage  battery,  and  from 
that  member  to  the  various  current  consuming  units. 

Sometimes  the  motor  and  generator  are  combined  in  one  eanng  \ 
and  the  system  so  provided  is  erroneously  called  a  "one  unif*  j 
system.  In  reality  such  a  system  is  a  two  unit  system,  becaoie  ■ 
the  electrical  machines  are  uni-functional  instead  of  performing  a  j 
dual  function  as  does  the  combined-motor-generator  at  the  right  of 
the  illustration.  The  wiring  of  the  one  unit  system  is  shown  m 
fiimplified  form  and  should  be  easily  followed  by  any  motorist. 

Q.    Outline  arrangement  of  parts  of  "  tv7o  unit"  system. 

A.     The  parts  of  a  two  unit  starting  and  lighting  system  are 
shown  at  Fig.  353.    This  system  is  sometimes  called  a  "three  unit" 
system,  on  account  of  having  a  source  of  independent  current 
supply   for  ignition  purposes.     This   is  shown  as   fitted  to  the 
Overland  six-cylinder  engine  at  Fig.  354.     As  will  be  observed, 
the  generator  in  the  diagram  is  driven  from  the  motor  crankshaft 
by  silent  chain  connections,  one  of  the  terminals  passing  throned 
the  cut-out  device  and  to  the  storage  battery,  the  other  terminal 
running  directly  to  the  storage  battery  terminal  having  a  short 
by-pass  or  shunt  wire  attached  to  the  cut-out.    All  the  time  that 
the  engine  is  running  the  generator  ig  delivering  electricity  to 
the  storage  battery. 

It  will  be  seen  that  the  storage  battery  is  also  coupled  to  tho 
lighting  circuits  which  are  shown  in  a  group  at  the  right  of  the 
illustration,  and  to  the  electric  starting  motor  as  indicated.  Que 
of  the  storage  battery  terminals  is  joined  directly  to  the  switeh 
terminal  by  a  suitable  conductor,  the  other  goes  to  one  of  the 
terminals  on  the  starting  motor,  while  the  remaining  terminal  of 
the  starting  motor  goes  to  the  switch.  In  this  system,  when  the 
small  sliding  pinion  is  mesYved  Yf\^L\v  \}5v^  ^y^V^^  ^^^^^  Viftfc  wdd^ 
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is  tliTown  on  BimnltaneottBly,  and  the  current  that  flows  from  tht 
storage  battery  through  the  windings  of  the  starting  motor  rotatet 
the  engine  crankshaft  by  means  of  reduction  gears  shown.  At 
soon  as  the  engine  starts  the  foot  is  released  and  a  spring  polls 
the  switch  out  of  contact,  and  also  disengages  the  sliding  pinion 
from  the  flywheel  gear. 


r- 

^ 

^^^^^^k               'M".            C-mSHtS  HCNrSATQII                             ,     ^Wk 

Fig.  3S5.— Moline-Kui^ht  Power  Plant  Sbowing  Application  of  Stuting 
Motor  ^th  Automatic  Pinion  Shift  and  Method  of  Driving  Generator, 

Q,    What  is  the  difEerence  between  a  "three  unit"  and  the 
others  described? 

A.  In  referring  to  a  system  as  a  one  unit  system  of  lighting] 
starting  and  ignition,  one  means  that  all  of  these  functions  are 
incorporated  in  one  device,  as  in  the  Deico  system.  If  one  unit 
is  used  for  generating  the  lighting  and  starting  current,  and  also 
is  reversible  to  act  as  a  motor,  but  a  separate  ignition  means  is 
provided  such  as  a  tigh  teni^oii  wagneto,  the  system  is  ealled  • 
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'^two  unit'^  system.  The  same  designation  applies  to  a  system 
when  the  current  generating  and  ignition  functions  are  performed 
by  one  appliance,  and  where  a  separate  starting  motor  is  used.  The 
three  unit  system  is  that  in  which  a  magneto  is  employed  for 
ignition,  a  generator  for  supplying  the  lighting  and  starting  cur 
rent,  and  a  motor  for  turning  over  the  engine  crankshaft.  Before 
describing  the  individual  systems  it  would  be  well  to  review  briefly 
the  various  components  common  to  all  systems. 

The  actual  appearance  of  a  motor  fitted  with  a  two  unit  motor 
starting  ignition  and  lighting  system  is  shown  at  Fig.  355.  It 
will  be  observed  that  the  generator  is  driven  from  the  pumpshaft 
extension  by  a  leather  universal  joint,  while  the  starting  motor  is 
mounted  at  the  back  end  of  the  crankshaft  in  such  a  position  that 
the  automatic  sliding  pinion  may  be  brought  into  engagement  with 
the  flywheel  driving  gear. 

Q.  What  voltage  current  is  usually  employed  in  connection 
with  electric  starting  and  lighting  systems? 

A.  Electrical  starting  systems  are  usually  operated  on  either 
six  or  twelve  volt  current,  the  former  being  generally  favored 
because  the  six-volt  lamps  use  heavier  filaments  than  those  of  high 
voltage,  and  are  not  so  likely  to  break,  due  to  vibration.  It  is 
also  easier  to  install  a  six  volt  battery,  as  this  is  the  standard 
voltage  that  has  been  used  for  several  years  for  ignition  and 
electric  lighting  purposes  before  the  starting  motors  were  applied. 
Some  systems  in  which  the  motor-generator  is  part  of  the  flywheel 
use  twenty-four  volt  or  twelve  cell  batteries. 

Q.    What  is  the  purpose  of  the  generator? 

A.  The  generator,  as  is  apparent  from  its  name,  is  utilized  for 
producing  current.  This  is  usually  a  miniature  dynamo  patterned 
largely  after  those  that  have  received  wide  application  for  gen- 
erating current  for  electric  lighting  of  our  homes  and  factories. 
The  generators  of  the  different  systems  vary  in  construction.  Some 
have  a  permanent  magnetic  field,  while  others  have  an  excited  field. 
In  the  former  case  permanent  horseshoe  magnets  are  used  as  in  a 
magneto.    In  the  other  construction  the  field  msj^^^ss^^  ^®.  ^'S^  v®. 
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the  armature,  are  wound  n'ith  coils  of  wire.  In  all  caaes  the 
dynamo  or  generator  should  he  mechanically  driven  from  the 
engine  crankshaft  pithcr  by  means  of  a  direct  drive,  by  silent 
chain,  or  through  the  niedinm  of  the  timing  or  magneto  operatdnf 
gears.    Belts  are  apt  to  slip  and  are  not  reliable. 

Q,    What  is  the  storage  battery  for? 

A.     All  the  current  produced  by  the  generator  and  not  ntilind 
by  the  various  current  consuming  units  such  as  the  lamps,  : 
^yatem,  electric  horn,  etc.,  «  8ftca.mij\a,\A&.  oi  *Kt«4.  iai.  tti«  ■ 
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try,  and  kept  in  reserve  for  starting  or  lighting  when  the 
ae  is  Dot  running  or  for  lighting  and  ignition  when  the  car 
ling  run  at  such  low  speed  that  the  generator  is  not  supplying 
Bnt.  Storage  batteries  used  in  starting  systems  iriust  be  of 
ial  design  in  order  to  stand  the  high  discharge  and  to  perform 
ently  nnder  the  severe  vibration  and  operating  conditions 
lental  to  automobile  service.  The  storage  battery  may  be 
Jled  on  the  running  board  of  the  automobile,  nnder  the  body, 
nder  the  front  or  rear  seat,  the  location  depending  upon  the 
jn  of  the  car  and  the  degree  of  accessibility  desired.  The  best 
^ce  is  to  set  the  storage  battery  in  a  substantial  carrying  ease 
by  rigid  braces  attached  to  the  frame  side  and  cross  mem- 
If  the  batteiy  should  be  set  under  the  tonneau  floor  boards, 
jor  must  be  provided  in  these  to  give  ready  access  to  tb« 
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Q.    How  does  the  starting  motor  differ  from  the  generator? 

A.  The  starting  motor,  which  takes  the  place  of  the  eommoii 
hand  crank,  is  operated  by  current  from  the  storage  battery,  and 
the  high  speed  armature  rotation  is  reduced  to  the  proper  crank- 
ing speed  by  reduction  gears  of  the  different  forms  to  be  described 
in  proper  sequence.  The  construction  of  the  starting  motor  is 
practically  the  same  as  that  of  the  dynamo,  and  it  operates  on  the 
same  principle,  except  that  one  instrument  is  a  reversal  of  the 
other. 

Q.    What  is  the  "cut-out"  or  automatic  circuit  breaker? 

A.  In  order  to  secure  automatic  operation  of  a  lighting  and 
starting  system  several  mechanical  and  electrical  controli  are 
needed,  these  including  the  circuit  breaker,  the  governor,  which 
may  be  either  mechanical  or  electrical,  and  the  operating  switches. 
The  circuit  breaker  is  a  device  to  retain  current  in  the  storage 
battery  under  such  conditions  that  the  battery  current  is  stronger 
than  that  delivered  from  the  generator.  If  no  circuit  breaker  was 
provided  the  storage  battery  could  discharge  back  through  the 
generator  winding.  The  circuit  breaker  is  sometimes  called  a 
*^cutout.^'  The  circuit  breaker  is  usually  operated  by  an  electro 
magnet,  and  may  be  located  either  on  the  generator  itself  or  any 
other  convenient  place  on  the  car,  though  in  many  cases  the  cir- 
cuit breakers  are  usually  mounted  on  the  back  of  the  dashboard. 
This  device  is  absolutely  automatic  in  action  and  requires  but 
little  attention. 

Q.    How  is  the  current  output  of  the  generator  controlled? 

A.  The  governors  are  intended  to  prevent  an  excessive  output 
of  current  from  the  generator  when  the  engine  runs  at  extremely 
high  speed.  Two  types  are  used:  one  mechanical,  operated  by 
centrifugal  force  as  at  Fig.  356,  and  the  other  electrical  as  depicted 
at  Fig.  358.  The  former  is  usually  a  friction  drive  mechanum 
mounted  in  the  generator  shaft  which  automatically  limits  the 
speed  of  the  dynamo  armatuTe  to  a  definite  predetermined  number 
of  revolutions  per  minute.    T\ie  m^simMLm  cvxrt^TiX  ^\)^\sX.SakMB»ii 
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held  to  the  required  amotiiit  independently  of  the  speed  at  which 
the  car  is  being  driven.    The  use  of  this  device  minimizes  the  pos- 


sibility of  overheating  the  generator  or  overcharging  the  battery 
at  high  car  speeds.  The  electrical  system  of  governing  does  not 
affect  the  speed  of  the  armature,  but  controls  the  output  at  ^:fc» 
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generator  by  means  of  armature  reaction,  a  reversed  series  field   i 
winding  or  weakening  the  magnetic  field  in  some  way  when  the 
engine  speed  is  excessive.     The  governors  usually  permit  a  maxi- 
mum generator  output  of  from  ten  to  twelve  amperes,  though  the 
normal  charging  current  is  less  than  this  figure. 

Q.    How  is  a  generator  wound  for  ^'inherent"  regulation? 

A.  The  Westinghouse  generators  for  example,  with  inherent 
regulation  have  a  compound  field  winding.  The  battery  charging 
current  passes  through  the  series  winding  in  such  direction  that 
any  increase  in  the  battery  charging  current  tends  to  reduce  the 
voltage  gei^erated,  so  that  the  battery  is  never  charged  at  an 
excessive  rate.  When  the  lights  are  burning,  however,  current 
flows  through  this  series  winding  in  the  reverse  direction,  increas- 
ing the  output  of  the  generator  and  causing  it  to  assist  the  batteiy 
in  carrying  the  load.  With  the  usual  lamp  equipment,  this  in- 
crease  in  generator  output  is  sufficient  to  operate  the  lamps  with- 
out any  demand  on  the  battery  at  ordinary  running  speeds.  At 
low  speeds  the  battery  supplies  a  certain  proportion  of  the  lighting 
current,  and  when  the  engine  is  not  running,  the  battery  supplies 
the  entire  demand. 

Q.  How  do  generators  with  automatic  potential  regulators 
work? 

A.     The  generators  with  automatic  potential  regulators  main- 
tain constant  voltage  regardless  of  whether  the  battery  is  con- 
nected to  the  system  or  not.    The  characteristics  are  such  that  the 
battery-charging  current  tapers  off  as  the  battery  charge  increases, 
being  very  large  when  the  battery  is  in  a  discharged  condition 
and  of  low  value  when  the  battery  is  fully  charged.     The  voltage 
is  independent  of  the  speed  and  the  amount  of  lighting  load.    The  ' 
regulator   consists   of  a   vibrating   armature   that   intermittently 
sbort-eircuits  a  high  resistance  in  series  with  the  shunt  field  wind- 
ing of  the  generator,  the  \engV\v  ol  >i\vfc  ^at\.-^YNK»l  ^riod  depend- 
iBig  on  the  load  on  the  genexalox. 
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;.  359.— Front  View  of  King  Eight  Cylinder  Power  Plant  Showing 
Silent  Chain  Drive  to  Generator. 

,    How  does  the  motorist  know  that  an  electrical  system  is 
idng  correctly? 

In  practically  all  systems  an  amperemeteT  Sa  TawHAa,^  wa- 
laab  so  that  it  can  be  readily  inspected  \ty  Wife  ^rvvec,  '^wa. 
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indicating  at  all  times  the  amount  of  current  being  produced  by 
the  dynamo  or  drawn  from  the  battery.  If  the  indicating  needle 
of  the  amperemeter  points  to  the  left  of  the  zero  point  on  the 
scale,  it  means  that  the  battery  is  furnishing  current  to  the  lights  i 
or  other  current  consuming  units  or  discharging.  "When  the  1 
needle  points  to  the  other  side  of  the  scale,  it  means  that  the  ; 
generator  is  delivering  current  to  the  battery  which  is  charging  • 
it,  the  amount  of  charge  or  discharge  at  any  time  can  be  read  1 
from  the  scale  on  the  face  of  the  amperemeter.  Some  of  these  ^ 
instruments  have  the  words  "charge"  and  "discharge"  under  the 
scale  in  order  to  enable  the  operator  to  read  the  instrument 
correctly. 

Q.    What  t3rpes  of  switches  are  used  and  how  do  they  differ? 

A.  Another  important  element  is  the  lighting  switch,  which  is 
usually  mounted  at  some  point  within  convenient  reach  of  the 
car  driver.  This  is  often  placed  on  an  instrument  board  on  the 
back  of  the  cowl  in  connection  with  other  registering  instruments. 
As  ordinarily  constructed,  the  switches  are  made  up  of  a  number 
of  units,  and  the  wiring  is  such  that  the  head,  side  and  tail  lamps 
may  be  controlled  independently  of  each  other.  For  simplicity 
and  convenience  of  installation,  the  switch  is  usually  arranged  so 
that  all  circuits  are  wired  to  parallel  connecting  members  or 
"busbars"  placed  at  the  rear  of  the  switch.  In  some  cars,  as  the  i 
latest  Overland  and  the  White  models,  the  switch  units  are  placed 
on  the  steering  column.  As'  but  little  current  passes  through  the  ; 
lighting  switch  the  contacts  are  not  heavy  in  construction  as  are  j 
those  of  the  starting  switch.  ■ 

The  function  of  the  starting  switch  is  to  permit  the  current  to 
flow  from  the  storage  battery  to  the  starting  motor,  when  it  is 
necessary  to  start  the  car.    It  is  arranged  usually  so  as  to  be  readily  '• 
operated  by  the  foot  and  is  nearly  always  installed  at  some  con- 
venient position  on  the  toe  board  of  the  car.     As  we  have  pie-  '■ 
viously  shown,  the  starting  switch  is  often  interlocked  with  the  < 
starting  motor  gearing  so  ttiat  \Xv^  oi^^ration  of  engaging  the 
grear  with  the  flywheel  and  oi  txvnim^  ^li  ^^  <5x«rt^Ti^\K^/^^^tor*p 
ing  motor  are   accompliskied  Bimu\\,«xi^wv^^T;    '^^  \«8pfiCxfi%  «ft 
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motor  starting  wiring  systems  are  independent  of  each  other,  and 
may  be  easily  found  as  that  used  to  convey  the  high  amperage 
starting  current  is  of  heavy  round  single  conductor  cable,  while 
the  lighting  wiring  is  usually  a  light  multiple  strand  cable.  In 
order  to  prevent  chafing  and  depreciation  of  the  insulation  the 
wiring  is  often  protected  by  conduits  of  a  flexible  metal  tubing, 
and  the  terminals  are  extremely  heavy  and  well  adapted  to  resist 
the  vibration  which  is  unavoidable  in  automobiles. 

Q.    How  are  current  generators  driven? 

A.  When  electric  lighting  was  first  applied  to  automobiles  it 
was  not  considered  necessary  to  drive  the  generators  by  positive 
connection,  and  the  early  devices  were  furnished  with  pulleys 
for  flat  or  V  belt  drive.  At  the  present  time  it  is  considered  highly 
important  to  provide  a  positive  mechanical  connection  that  will 
not  slip  between  the  generator  and  the  engine  crankshaft.  The 
common  systems  where  the  generator  is  a  separate  unit  from  the 
starting  motor  and  in  those  forms  where  the  starting  and  gen- 
erating functions  are  combincJ,  involve  a  connection  with  the 
motor  crankshaft  through  some  form  of  gearing.  As  shown  in 
Fig.  355,  the  generator  is  driven  by  means  of  a  leather  universal 
joint  connection  with  an  extension  of  the  pump  shaft.  The  motor 
crankshaft  imparts  its  power  through  the  camshaft  timing  gear 
to  the  small  pinion  utilized  in  driving  the  water  pump.  In  some 
generator  applications  a  belt  is  used,  and  at  Fig.  359  the  arma- 
ture is  rotated  by  silent  chain  connection  with  a  gear  on  the  motor 
crankshaft.  There  is  not  the  diversity  of  drives  for  the  generator 
as  there  is  in  the  methods  of  connecting  the  starting  motor  to  the 
end  of  the  crankshaft. 

Q.    What  are  the  advantages  of  silent  chain  drive? 

A.  In  describing  the  advantages  of  silent  chain  drive  the 
Dyneto  Company  writes  as  follows:  "The  exact  type  of  drive 
selected  miist,  of  course,  depend  upon  conditions.  If  possible,  use 
a  silent  chain  drive,  direct  to  the  crankshaft,  with  a  suitable  cas* 
ing  so  that  the  chain  can  run  in  oil  with  aU  dirt  excluded.  In 
our  opinion  this  will  give  the  most  quiet,  durable  and  e£Scient 
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drive  obtainable.  We  recommend,  when  space  allows,  the  use  of 
chains  of  i^"  pitch  x  ^"  width.  When  sprockets  of  small  diam- 
eter must  be  used,  chains  of  %"  pitch  x  1"  width  will  be  satis- 
factory. Sprockets  of  less  than  15  teeth  should  never  be  used; 
17  teeth  would  be  much  better.  The  efficiency  of  a  good  chain 
drive,  well  installed,  is  from  94  to  96%.  If  a  gear  drive  is  used, 
the  gears  must  be  of  the  best  material  and  large  enough  to  stand 
up  under  the  enormous  strains  of  starting.  It  is  usually  impos- 
sible to  design  a  suitable  gear  drive  of  single  reduction,  and  where 
three  of  four  gears  are  used  the  drive  is  apt  to  be  noisy,  and 
certainly  will  be  very  inefficient.'  In  tests  of  drives,  using  four 
gears  in  the  train,  spiral  cut  teeth,  we  have  found  an  efficiency  of 
less  than  65%.  A  useless  waste  of  35%  makes  it  necessary  to  use 
a  larger  starter,  a  larger  battery,  larger  wires,  and  in  fact  the 
whole  outfit  must  be  much  larger  than  otherwise  would  be 
necessary.^^ 

Q.    How  is  the  starting  motor  connected  to  the  engine  crank- 
shaft to  rotate  it  for  starting? 

A.  In  order  to  show  the  variety  of  driving  means  used  in 
connecting  the  starting  motor  to  do  the  work  of  turning  over 
the  engine  crankshaft,  the  leading  systems  have  been  grouped  in 
one  illustration  at  the  top  of  Fig.  360.  Starting  from  the  front 
of  the  motor,  the  first  method  shown  is  by  means  of  a  worm  gear 
initial  or  primary  reduction  and  chain  connection  from  the  worm- 
driven  shaft  to  the  motor  crankshaft.  In  some  cars  the  worm 
reduction  is  used  having  the  starting  motor  mounted  at  the  side 
of  the  change  speed  gear  box  instead  of  attached  to  the  motor 
crankshaft.  The  reduction  in  speed  may  be  by  means  of  the  spur 
gears  and  chain,  as  shown  at  A-2,  or  by  a  chain  to  a  shaft  con- 
nected with  the  timing  gear,  as  in  A-3.  The  method  at  A-4  is 
a  very  popular  one,  including  a  reduction  to  an  intermediate 
shaft,  which  carries  a  sliding  pinion  designed  to  engage  the  gear 
on  the  flywheel  rim.  The  method  at  A-5  is  used  with  the  Rush- 
more  starter,  the  pinion  being  brought  into  direct  engagement 
frith  the  gear  on  the  flywheel  by  the  axial  movement  of  the  arma- 
ture  when  the  current  is  suppVift^L  \.o  \j£i^  ^^Y^N^rndxa.^.    The  method 


Questions  and  Answers  639 

at  A-6  permits  of  attaching  the  starting  motor  securely  to  the 
frame  side  member  at  a  point  near  the  gear  box,  where  it  will 
be  out  of  the  way  and  not  interfere  with  the  accessibility  of  the 
power  plant.  When  mounted  in  this  manner  the  drive  is  by  a 
double  universally  jointed  abaft  to  a  small  silent  chain  sprocket, 


Pig.  360.— DiaKram  Showing  Methods  of  Transmitting  Power  of  Starting 
Motor  to  Gasoline  Engine  at  A.  Simplified  Diagram  at  B  Depicts 
Means  of  Interconnecting  Starting  Switch  and  Motor  Starting  Gear. 

which  connects  to  a  much  larger  member  attached  to  the  engine 
fljnrheel  or  crankshaft. 

Q.    What  is  the  most  popular  mechanical  pinion  shift  for  start- 
ing motors? 

A.     The  complete  system  shown  at  Fig.  360-B,  is  the  next  most 
pepiilsr  ot  all  that  have  been  used.     TdSa  ^ovi^  ^%  a.-^^>:;^ais&. 
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of  the  starting-motor,  outlined  at  A-4.  The  mechanical  interlock 
between  the  sliding  pinion  on  the  intermediate  shaft  and  the 
starting  switch  is  clearly  shown.  Before  the  pinion  engages  the 
gear  on  the  flywheel  rim  the  switch  makes  contact,  but  owing  to 
the  resistance  interposed  in  circuit  the  motor  will  turn  slowly  to 
permit  of  more  ready  engagement  of  the  sliding  pinion.  As  soon 
as  the  pinion  is  fully  engaged  with  the  large  gear  the  resistance 
is  cut  out  and  the  motor  draws  what  current  it  needs  from  the 
storage  battery,  this  being  enough  to  produce  the  torque  neces- 
sary to  turn  over  the  engine  flywheel  and  the  crankshaft  to  which 
it  is  attached  at  such  speed  as  will  produce  prompt  starting.  A 
system  of  this  nature  used  on  the  Hupmobile  in  connection  with 
the  Bijur  starter  is  shown  at  Fig.  361.  In  this  the  pinion  is 
shifted  by  a  spring  connection  as  outlined  at  A  instead  of  a  direct 
rigid  coupling.  This  makes  it  easier  to  engage  the  pinion  as  the 
switch  can  make  contact  as  at  D  and  the  spring  will  draw  the 
pinion  in  mesh.  The  spring  is  also  useful  under  the  conditions 
shown  at  B  where  the  pinion  engages  readily  but  the  switch  has 
not  yet  made  contact. 

Q.    What  is  an  "overrunning"  clutch  and  what  is  its  purpose? 

A.  The  construction  of  a  typical  overrunning  clutch  is  clearly 
shown  at  Fig.  362.  The  electric  starting  motor  is  secured  to  a 
base  on  the  crankcase  of  the  gasoline  engine  and  the  motor  power 
is  imparted  through  the  medium  of  the  small  gear  F  carried  by 
the  armature  shaft.  This  drives  gear  E,  which  turns  at  a  lower 
speed  on  account  of  being  larger,  and  that  in  turn  engages  with 
gear  D,  which  is  still  larger  in  diameter.  The  small  pinion  C, 
which  turns  much  slower  than  the  motor  pinion  F,  meshes  with 
the  large  gear  B  attached  to  the  clutch  body.  The  use  of  this  gear- 
ing provides  a  reduction  of  40  to  1,  which  means  that  gear  F  must 
make  40  revolutions  to  one  of  the  clutch  body. 

The  ratchet  or  driven  member  of  the  overrunning  clutch  L  ii  ; 

pinned  to  the  engine  crankshaft  and  revolves  with  it  when  tta  * 

motor  is  operating,  rotating  inside  of  the  gear  B,  having  a  bearing  j 

at  JT  and  turning  in  the  dixee-Won  ol  \!ti<fe  vrws^.    The  member  Li: 

baa  three  flat  surfaces,  M,  cvxt  a\.  «a  «xii^^  \ft  "^^^  \&a5v.^  ^<4iL 
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gear  B.  On  each  of  these  a  hardened  steet  roller,  A,  is  hdld  in&de 
of  the  gear  by  &  light  spring  and  against  the  flat  surface  of  the 
member  L.  The  roller  travels  with  the  clutch  and  runs  free  agaimt 
the  side  of  the  gear  B  when  the  engine  is  in  motion  and  when  tiie 
starting  gears  are  idle.  As  soon  as  the  current  is  directed  to  tiie 
electric  starting  motor,  the  three  rollers  are  bound  between  the 


A   I'KS'sN  lu,o-«^ 

'M4 

^^^ESIM^S 

^VU  i^ 

^^J 

V 
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clutch  body  and  the  raehet  member  carrying  them  and  the  cnalfr 
shaft  is  driven  until  such  time  as  the  engine  speed  increases  mfr 
ficieutly  to  overrun  that  of  the  member  attached  to  the  cranb 
shaft. 

Q.    What  is  the  "automatic"  pinion  shift? 

A.    This  is  what  is  now  becoming  the  most  popular  method  m 
connecting  the  starting  motor  ^  ftve,  en^ft.    A  pinion  is  proTidiy 
with  a  spiral  thread  inside  an4  ftis  a  MiT«S5CBi«ni%'QKP^lqa.w 
motor  shaft.     The  angle  oi  tbe  tiaeaA  Sa  wwSo-  ^!mA.  »» "^^  w 


Questions  and  Answers  648 

b  depressed  and  the  motor  started,  the  rotation  of  the  arma- 
ture shaft  screws  the  pinion  in  and  meshes  it  with  the  flywheel 
gear.  As  soon  as  the  gasoline  engine  starts,  it  automatically  shifts 
fhe  pinion  out  of  engagement  with  the  flywheel  gear  teeth. 

Q.  What  is  the  Delco  starting,  lighting  and  ignition  system, 
and  how  does  it  operate? 

A.  One  of  the  most  popular  systems  is  that  shown  at  Fig.  364, 
which  is  a  complete  starting,  lighting  and  ignition  system  using 
a  single  unit  to  perform  the  three  functions.  This  is  the  Delco 
system:  and  was  the  first  really  practical  self -starting  assembly  to 
receive  general  application.  It  is  of  a  single  wire  or  ground  type 
which  means  that  one  side  of  the  storage  battery  is  directly  con- 
nected to  the  frame  of  the  car,  only  one  wire  being  carried  to  the 
various  lamps  and  other  current  consuming  units.  The  motor 
generator  is  a  single  unit  type  and  includes  the  ignition  distributor 
and  timer,  which  is  built  in  the  front  end  of  the  housing.  The 
operation  of  the  motor  generator  will  be  more  clearly  understood 
if  one  views  it  first  merely  as  an  electric  motor,  suitably  connected 
^h  the  engine  to  turn  the  crankshaft  and  then  by  an  ingenious 
shifting  of  the  internal  mechanism  as  a  generator  for  charging  the 
storage  battery  and  to  furnish  current  for  the  lights  and  ignition, 
at  this  time  being  so  arranged  that  the  generator  is  turned  by  the 
engine. 

When  used  as  a  motor,  it  operates  on  the  series  wound  principle 
and  has  a  spur  gear  pinion  upon  the  end  of  the  armature  shaft 
Nearest  the  fly-wheel.  Interposed  between  this  pinion  and  the 
gear  teeth  cut  in  the  face  of  the  fly-wheel  is  a  pair  of  gears  adapted 
b  slide  along  and  revolve  upon  an  intermediate  shaft.  This  slid' 
Xig  action  results  in  the  larger  of  the  gears  engaging  with  the 
Hotor  pinion,  while  the  smaller  one  meshes  with  the  gear  teeth 
►n  the  fly-wheel.  A  one  way  starting  clutch  is  incorporated  inside 
if  this  set  of  gears  and  is  for  the  purpose  of  permitting  the  engine 
o  run  ahead  of  the  motor  during  the  short  time  that  the  gears 
xe  meshed  after  the  engine  fires  and  is  running  under  its  own 
Kywer.  The  total  gear  ratio  between  the  armaAArc^  ^^1\.  ^cs^^*^^ 
tigine  abaft  ia  approximately   20  to  1.     T\i\a  m-^OTi^  ^ic^^  "^^ 
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armature  makes  twenty  revolutions  to  turn  the  engine  over  onoe, 
and  assuming  a  motor  speed  of  2,000  R.P.M.,  the  engine  will  be 
cranked  over  100  R.P.M.,  or  considerably  faster  than  is  possible 
by  hand. 

When  the  unit  is  generating  current  for  charging  the  battery  it 
is  a  simple  shunt  wound  generator.  In  this  case  it  is  driven  from 
the  engine  by  an  extension  of  the  pump  shaft.  The  generator  is 
driven  at  crank  shaft  speed  and  in  order  to  compensate  for  the 
higher  ratios  when  the  unit  is  in  starting  relation  to  the  engine 
a  second  one-way  driving  clutch  is  provided  adjacent  to  the  for- 
ward housing.  This  permits  the  armature  to  run  ahead  of  the 
driving  shaft  during  the  cranking  operation.  When  a  starting 
pedal  is  pushed  forward  it  shifts  the  brushes  from  the  generator 
commutator  and  engages  the  brushes  of  the  motor  commutator, 
there  being  two  commutators  on  the  armature.  Whenever  the 
starting  pedal  is  released  the  motor  brushes  are  lifted  from  their 
commutator  and  generator  brushes  are  dropped  on  their,  com- 
mutator. 

A  cut-out  relay  is  located  on  the  rear  end  housing  of  the  motor 
generator,  this  instrument  performing  a  double  function.  During 
the  initial  starting  operation  it  is  closed  mechanically  to  complete 
the  circuit  between  the  storage  battery  and  the  armature,  and  it 
also  automatically  closes  the  circuit  between  the  generator  and 
storage  battery  when  the  generator  voltage  is  high  enough  to 
charge  the  battery.  It  opens  the  circuit  when  the  generator  slowi 
down  to  prevent  the  battery  discharging  back  through  the  gene- 
rator windings.  The  latest  type  Delco  system  has  a  slightly  dif- 
ferent detail  construction  of  the  generator  than  those  formerly 
used  as  it  has  a  "third  brush"  inherent  regulation  of  current  out- 
put instead  of  an  auxiliary  voltage  regulator. 

Q.  Describe  the  latest  type  Delco  motor  generator  and  iH 
functions. 

A.     The  motor  generator  which  is  located  on  the  right  «id« 

of  the  engine  as  at  Fig.  365  is  the  principal  part  of  the  Deleo 

System.     This  consists  essentmWy  oi  %.  dynamo  with  two  fidd 

windings,  and  two  windiiiga  on  \)di^  «rccL^\^a^  ^^jnJQa.  \w^  " 
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tators  and  corresponding  sets  of  bruslies.  In  ordci'  tliat  the  ignition 
apparatus  incorporated  in  the  forward  end  of  the  machine  may  work 
when  it  is  used  as  a  starting  motor,  or  as  a  generator  for  eliarging 
the  battery  and  supplying  the  lights,  horn  and  ignition,  the  ignition 
distributor  is  always  driven  in  the  same  direction.  This  in  no 
way  aSects  the  working  of  the  generator,  it  being  mounted  in  this 
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Kg.  365. — Application  of  Delco  Motor  Generator  to  igi6  Hudson  Engine 

manner  simply  as  a  convenient  and  accessible  mounting.     In  some 
cases  it  is  independent. 

The  motor  generator  has  three  distinct  functions  to  perform 
tvhieh  are  as  follows;  No.  1— Motoring  the  Generator.  No.  2 — 
Cranking  the  Engine.    No.  3 — Generating  Electrical  Energy. 

Q.    Describe  the  "motoring"  function. 

A.  Motoring  the  generator  is  accomplished  when  the  ignition 
button  on  the  switch  is  pulled  out.  This  allows  c»irr«nt  to  «ima 
Aom  the  stor^e  battery  through  the  ammeteT  on  ftia  ii«ai«s«io.tsi 
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switch,  causing  it  to  show  a  discharge.     The  first  reading  of  the   ■ 
meter  will  be  much  more  than  the  reading  after  the  armature  is 


Fig.  366, — Diagrams  Explaining  Construction  of  Delco  Motor  Generator 
Having  Third  Brush  Current  Control. 

turning  freely.     The  current  discharging   through   the   ammettf 

during  this  operation  is  the  current  required  to  slowly  rev<dll> 

tie  armature  and  what  is  usei  ioT  ttift  i^ition.     The  ignitiea, 

current  £ow8  only  when  the  contaSte  wft  iVs«&,\\,\»sai^«&.'a6r 
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mittent  current.  The  maximtim  ignition  current  is  obtained  when 
the  circuit  is  first  closed  and  the  resistance  unit  on  the  rear  end 
of  the  coil  is  cold.  The  current  at  this  time  is  approximately  6 
amperes,  but  soon  decreases  to  approximately  3^  amperes.  Then 
as  the  engine  is  running  it  further  decreases  until  at  1,000  revolu- 
tions of  the  engine  it  is  approximately  1  ampere. 

This  motoring  of  the  generator  is  necessary  in  order  that  the 
starting  gears  may  be  brought  into  mesh,  and  should  trouble  be 
experienced  in  meshing  these   gears,   do  not  try  to  force  them, 


Fig.  367. — The  Delco  Overrunning  Clutch. 

simply  allow  the  starting  pedal  to  come  back,  giving  the  gears 
time  to  change  their  relative  position. 

A  clicking  sound  will  be  heard  during  the  motoring  of  the  gene- 
rator. This  is  caused  by  the  overrunning  of  the  clutch  in  the 
forward  end  of  the  generator  which  is  shown  in  view  1,  Fig.  366, 

The  purpose  of  the  generator  clutch  is  to  allow  the  armature  to 
revolve  at  a  higher  speed  than  the  pump  shaft  during  the  cranking 
operation  and  permitting  the  pump  shaft  to  drive  the  armature 
when  the  engine  is  running  on  its  own  power.  A  spiral  gear  is 
cut  on  the  outer  face  of  this  clutch  for  driving  the  distributor. 
This  portion  of  the  clutch  is  connected  by  an  Oldham  coupling  to 
the  pump  shaft.     Therefore,  its  relation  to  the  pomp  shaft  ia 
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always  the  same  and  does  not  throw  the  ignition  out  of  ti 
ing  the  cranking  operation.  This  clutch  receives  lubricate 
the  oil  that  is  contained  in  the  front  end  of  the  generate 
is  put  in  at  B  (view  1).  This  is  to  receive  oil  each  week  s 
to  bring  the  oil  up  to  the  level  of  the  oiler.  The  arrange 
clutch  parts  is  shown  at  Fig.  367. 

Q.    Describe  the  ^'cranking"  operation. 

A.  The  cranking  operation  takes  place  when  the  startii 
is  fully  depressed.  The  starting  pedal  brings  the  moto: 
gears  (view  1)  into  mesh  and  withdraws  the  pin  P  (views  1 
allowing  the  motor  brush  switch  to  make  contact  on  th 
v».ommutator.  At  the  same  time  the  generator  switch  brei 
tact.  This  cuts  out  the  generator  element  during  the  c 
operation.  As  soon  as  the  motor  brush  makes  contact 
commutator  a  heavy  current  from  the  storage  battery  flows 
the  series  field  winding  and  the  motor  winding  on  the  a] 
This  rotates  the  armature  and  performs  the  cranking  oj 
The  cranking  circuit  is  shown  in  the  heavy  lines  on  th( 
diagram  (Fig.  368).  This  cranking  operation  requires 
current  from  the  storage  battery,  and  if  the  lights  are  on 
the  cranking  operation,  the  heavy  discharge  from  the  batter 
the  voltage  of  the  battery  to  decrease  enough  to  cause  the  ! 
grow  dim.  This  is  noticed  especially  when  the  battery  i 
discharged;  also  will  be  more  apparent  with  a  stiff  motor 
a  loose  or  poor  connection  in  the  battery  circuit  or  a  ne« 
charged  battery.  It  is  on  account  of  this  heavy  discharge 
that  the  cranking  should  not  be  continued  any  longer 
necessary,  although  a  fully  charged  battery  will  crank  th( 
for  several  minutes. 

During  the  cranking  operation  the  ammeter  will  sho¥ 
charge.  This  is  the  current  that  is  used  both  in  the  sht 
winding  and  the  ignition  current;  the  ignition  current  b 
intermittent  current  of  comparatively  low  frequency  wi 
the  ammeter  to  vibrate  during  the  cranking  operation. 
lights  are  on  the  meter  wiW  »\io^  ^.  \i^«»NAftY  discharge.  Tl 
^nmking  current  is  not  eonducsV^eOi  \)cltwv^  \Jafc  ^sco&stot 
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is  a  very  heavy  current  and  it  would  be  impossible  to  conduct  tliis 
heavy  current  through  the  ammeter  and  still  have  an  ammeter 
that  is  sensitive  enough  to  indicate  accurately  the  charging  current 
and  the  current  for  lights  and  ignition.  As  soon  as  the  engine 
fires  the  starting  pedal  should  be  released  immediately,  as  the  over- 
running motor  clutch  is  operating  from  the  time  the  engine  fires 
until  the  starting  gears  are  out  of  mesh.  Since  they  operate  at  a 
very  high  speed,  if  they  held  in  mesh  for  any  length  of  time, 
there  is  enough  friction  in  this  clutch  to  cause  it  to  heat  and  bum 
out  the  lubricant.  There  is  no  necessity  for  holding  the  gears  in 
mesh. 

Q.  What  is  the  "Delco"  motor  clutch  for  and  how  is  it  lubri- 
cated? 

A.  The  motor  clutch  operates  between  the  flywheel  and  the 
armature  pinion  for  the  purpose  of  getting  a  suitable  gear  reduc- 
tion between  the  motor  generator  and  the  flywheel.  It  also  pre- 
vents the  armature  from  being  driven  at  an  excessively  high  speed 
during  the  short  time  the  gears  are  meshed  after  the  engine  is  run- 
ning on  its  own  power.  This  clutch  is  lubricated  by  the  grease 
cup  A,  shown  in  view  1,  Fig.  366.  This  forces  grease  through 
the  hollow  shaft  to  the  inside  of  the  clutch.  This  cup  should  be 
given  a  turn  or  two  every  week. 

Q.    How  does  the  **Delco"  machine  deliver  electric  energy? 

A.  When  the  cranking  operation  is  finished  the  motor  brush 
iwitch  is  raised  off  the  commutator  by  the  pin  P  when  the  start- 
ing pedal  is  released.  This  throws  the  starting  motor  out  of  action. 
As  the  motor  brush  is  raised  off  the  commutator  the  generator 
switch  makes  contact  and  completes  th6  charging  circuit.  The 
armature  is  then  driven  by  the  extension  of  the  pump  shaft  and 
the  charging  begins.  At  speeds  above  approximately  7  miles  per 
hour  the  generator  voltage  is  higher  than  the  voltage  of  the  storage 
battery  which  causes  current  to  flow  from  the  generator  windinf; 
through  the  armature  in  the  proper  direction  to  charge  the  stora|tf 
battery.  As  the  speed  meYesi^e^  up  to  approximately  20 
per  hour  this  charging  cuxxeTit  mc.x^«aft&,\svi^  %X.^^\a^sg!Mst 
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the  charing  current  decreases.  The  curve,  Fig.  369,  ahovi  ap- 
proximately the  chaining  current  that  should  be  received  for  dif- 
ferent speeds  of  the  car.  There  will  be  slight  variations  from 
this  due  to  temperature  changes  and  conditions  of  the  batteiy  which 
■will  amount  to  as  much  as  from  2  to  3  amperes. 


Fig.  370.— Non-Technical  Wiring  Diagram  Shomng  Parti  of  the  itif 
Delco-Hudaon  Ignition  Starting  and  Ligliting  Systems. 

Q.    What   points   need   lubrication   on   the    "Delco"   motor 
generator? 

A.  There  are  five  places  to  lubricate  this  Delco  System.  No. 
■ — The  grease  cup  for  lubricating  the  motor  clutch  {D,  view 
Fig.  866),  No.  2 — Oiler  for  lubricating  the  generator  clutch  a 
forward  armature  bearing  (B).  No,  3 — The  oil  hole  (C)  i 
lubricating  the  bearinga  cm  tti6  rear  armature  sh&ft  Thii 
expoBed  when  the  rear  en4  ftO"i«  «  t«aiRs^e&.   "Ctia  tiumld  l 
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eeive  oil  once  a  week.  No.  4 — The  oil  hole  in  the  distribator,  at 
A,  for  Inbricating  the  top  bearing  of  the  distribator  shaft.  This 
Bhould  receive  oil  once  a  week.  No,  5 — This  is  the  inside  of  the 
distributor  head.  This  should  be  lubricated  with  a  small  aminuit 
of  vaseline,  carefully  applied  two  or  three  times  during  the  first 
2,000  miles  running  of  the  car,  after  which  it  will  require  no  atten- 
tion. This  is  to  secure  a  burnished  track  for  the  rotor  brush  on 
the  distributor  head.  This  grease  should  be  sparingly  applied  and 
the  head  wiped  clean  from  dust  and  dirt. 


Fig.  372,— Wiring  Diagram  Showing  Parts  of  the  Delco  Cadillac  Eight 
Cylinder  Type  Starting,  Lighting  and  Ignition  System. 

Q,    What  is  the  Dyneto-Entz  "one  unit"  system  and  what 
advantages  arc  claimed  for  it? 

A.  The  advantages  of  the  one  unit  system  are  said  to  be  wo-J 
plicity,  light  weight,  low  cost  and  ease  of  installation,  high  crank- 
ing speed,  higher  operative  efficiency,  quiet  startli^  and  uon-atall- 
ing  in  traffic.  It  is  said  by  those  who  favor  -this  system  that  it 
is  good  engineering  to  simplify  any  instrument  or  apparatus  when 
it  can  be  done  without  Ba<;T\fi»;\"a(^  efficiency  or  durability.  The 
Bunplest  designs  are  cteapeT  \x>  •wis^a.'Lwta'i.vi.  raA  w^ViA  wi  vf^ 
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1»  give  trouble  to  the  user.  The  single  unit  system  is  much  simpler 
than  the  two-unit  system  and  it  is  much  easier  to  install  because 
there  is  but  one  ^uachine  to  set  up,  drive  and  wire  up.  The  sim- 
plicity of  the  one-unit  system  means  that  there  is  but  one  set  of 
bearings  to  oil,  but  one  pair  of  brushes  (if  the  device  is  the  single 
commutator  type),  one  simple  and  direct  connection  by  silent  chain 
and  simple  wiring. 

The  application  of  the  one  unit  system  to  the  chassis  of  a  White 
car  is  shown  in  the  plan  view  of  the  chassis  at  Fig.  373.     The 
motor-generator  is  attached  to  a  substantial  bracket,  back  of  the 
gear  box  and  is  connected  to  the  engine  by  a  driving  shaft  carry- 
ing a  sprocket  at  its  forward  end  just  ahead  of  the  shaft  support- 
ing bearing,  this  being  in  connection  with  a  large  sprocket  attached 
to  the  engine  flywheel,  as  shown  at  Fig.  374  by  a  silent  chain. 
The  storage  battery  is  carried  on  the  other  side  of  the  chassis 
frame  just  forward  of  the  rear  axle.    To  start  this  form  of  a  one 
tmit  system  a  switch  is  moved  from  the  "olBP*  position  to  the 
'^start^'  position  and  it  is  left  there  until  one  desires  to  stop.    In 
the  White  system  the  control  switch  is  mounted  on  the  steering 
column  as  shown  at  Fig.  374.    The  Dyneto  single  unit  system  hao 
no  relays,  automatic  switches,  overrunning  clutches,  sliding  gears 
or  current  regulating  devices.     The  usual  manner  of  installation 
is  to  drive  the  motor  generator  with  a  silent  chain  so  that  the 
device  turns  at  three  times  the  motor  speed.     As  the  tendency  is 
towards  small  bore,  high  speed  motors,  it  is  necessary  that  these 
be  cranked  over  fast  as  they  do  not  start  easily  at  speeds  of  rota- 
tion below  100  R.P.M.    The  Dyneto-Entz  starter  will  crank  a  four 
cylinder  2%  inch  bore  x  4^/^  inch  stroke  at  172  E.P.M.  on    a 
six  volt  system  drawing  40  amperes.     A  six  cylinder,  314  iiich 
bore  x  5^^  inch  stroke  is  cranked  over  at  140  R.P.M.  on  a  12  volt 
system  drawing  35  amperes  from  the  battery.     It  is  said  that  less 
energy  in  watt  hours  is  required  of  a  storage  battery  at  the  high 
cranking  speed  because  while  the  current  output  may  be  a  little 
more,  the  time  that  the  current  is  required  to  flow  is  much  less 
in  securing  a  positive  start  than  it  would  be  at  the  lower  cranking 
speed. 
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of  Parts  of  Dyneto  One  liwit  ^x&rtnt  a»&  "UjinsiNi.  %,*» 
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Q.    Describe  the  Dyneto  "non-stalling"  feature. 

A.  One  of  the  distinctive  features  of  the  Dyneto  System  is  that 
it  is  non-stalling.  This  makes  driving  in  traffic  perfectly  easy  witb- 
mt  changing  gears  every  time  tlie  car  is  slowed  down.  This  is 
lecause  when  the  engine  tends  to  run  slower  than  a  certain  num- 
)er  of  revolutions  tlie  device  ceases  to  be  a  generator  and  becomes 


Kg.  374.— View  at  Left  Shows  Simple  Control  Switch  of  Dyneto-White 
Starting  and  Lighting  STStem.  Rear  View  of  Motor  at  Right  Shows 
Large  Starting  Sprocket  Used  on  White  Engine  Flywheel. 

&  motor,  automatically  drawing  current  from  tlie  storage  battery 
instead  of  putting  current  into  it.  It  is  contended  by  those  who 
do  not  favor  the  one  unit  aystein  tliat  the  non-stalling  feature 
makes  a  serious  drain  on  the  batterj'.  It  is  said  that  no  current 
is  drawn  from  the  battery  at  speeds  aliove  8  M.P.H.  and  that 
very  little  Is  taken  at  any  lower  speed  at  whii'li  the  car  can  be 
driven.  "Wlien  any  current  is  drawn  from  the  battery  back  through 
the  motor  generator,  the  series  field  is  strengthened  and  as  this 
eauaes  an  increase  o£  voltage  it  prevents  Ui  a  Xaiy,*  eiuscA.  ^\»fiR 
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flow  of  current.    The  device  changes  from  a  motor  to  a  generator 
at  5  miles  per  honr. 
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Fig.  37S. — Motor  Characteristic  Curves  of  i3-Volt  Dyneto  Machine. 

It  js  neeeeeary  to  take  itito  <ioTift\4ei:*t\Qn  the  engine  to  wiiioh 
the  macbine  is  to  be  fitted  and  pTO'sw^^^"'^  '^*  -^-memi^  i»yiat&sf*-  - 
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\j  be  desirable  on  a  ear  having  a  certain  gear  ratio  to  have 
aek  flow  occur  at  a  somewhat  higher  speed  than  on  another 
These  factors  are  taken  into  consideration  in  designing  the 
us  systems,    A  number  of  curves  are  given  at  Pig,  375  show- 


176.— The  Dyncto  One  Unit  Motor-Generator  at  A  and  Latest 
Method  of  Installing  It  on  Franklin  Engines  Shown  at  B. 

lie  motor  characteristics  of  a  12  volt  Dyneto  size  B.  It  will 
served  by  consulting  the  upper  diagram  that  in  this  case  the 
s  changes  from  a  motor  to  a  generator  at  a  speed  of  Tif'-j. 
I.    If  the  speed  is  iuereased  above  tViva  ?npxt%  fefe  iaas2«««" 
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"becomes  a  generator  and  charges  the  storage  battery.  If  the  speed 
decreases  the  device  becomes  a  motor  and  draws  current  from  the 
storage  battery.  It  will  be  observed  that  the  minimum  current 
output  of  12y2  amperes  is  produced  when  the  engine  is  turning 
over  at  a  speed  equivalent  to  IT^^  M.P.H.  From  this  point  the 
current  output  falls  so  that  at  471/2  M.P.H.  but  six  amperes  are 
being  generated.  At  600  E.P.M.  the  machine  delivers  .6  H.P. 
and  is  working  at  60  per  cent,  efficiency.  Similarly,  if  used  as  a 
generator  it  is  consuming  .6  H.P.  at  600  R.P.M.  At  this  speed 
it  is  capable  of  exerting  the  torque  of  30  lbs.  feet,  which  means 
a  pull  of  30  pounds  at  a  distance  of  one  foot  from  crankshaft 
center.  Those  technically  informed  will  have  no  trouble  in  fol- 
lowing the  motor  characteristic  curves  presented.  The  reader  who 
is  more  interested  in  the  practical  application  of  the  system  than 
in  the  technical  aspects  will  not  be  interested  in  curves  of  this 
nature. 

Q.    What  is  the  simplest  ''one  unit"  system  and  how  is  the 
''motor  generator'*  driven? 

A.  The  complete  starting  system  shown  at  Fig.  377  is  one  in 
which  the  motor  generator  replaces  the  gasoline  engine  flywheel 
This  means  that  it  is  directly  connected  to  the  motor  crankshaft 
and  does  not  employ  any  reduction  gearing  of  any  form.  The 
various  members  comprising  the  starting  system  are  indicated  in 
heavy  black  lines,  while  the  rest  of  the  chassis  is  shown  in  light 
black  lines.  The  system  is  simple  and  easily  understood.  An  auto- 
matic switch  which  changes  the  electric  machine  into  a  generator 
for  charging  the  storage  battery  when  the  gasoline  engine  is  run- 
ning and  the  starting  button  is  in  its  released  position  is  one  d 
the  important  parts.  The  regulator  which  makes  the  rate  of  charg- 
ing the  battery  the  same  at  all  engine  speeds  is  placed  on  tl» 
dash.  The  simple  operation  of  depressing  the  starting  button  whcft 
the  gasoline  engine  is  not  turning  changes  the  flywheel  generaW 
into  an  electric  motor  that  draws  current  from  the  twenty-four  toK  1 
storage  battery  and  wYiicik  xolal^^  tVie  motor  crankshaft.  M 
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Q.    Describe  Auto-Lite  starting  and  lighting  system. 

A.  The  arrangement  of  parts  of  a  three  unit  starting,  lighting 
id  ignition  system  of  the  Auto-Lite  manufacture  is  shown  at 
ig.  378,  while  the  various  important  parts  comprising  the  system 
e  shown  in  the  lower  portion  of  the  illustration.  As  will  be 
^parent,  the  ignition  is  from  an  entirely  different  source,  an  inde- 
oident  high  tension  magneto  being  provided  for  this  purpose, 
lie  generator  is  placed  at  the  side  of  the  engine  and  is  driven 
r  a  silent  chain  connection  from  the  motor  crank  shaft.  The 
arting  motor  is  attached  to  the  rear  of  the  engine  on  the  magneto 
de  and  is  used  to  turn  the  engine  crank  shaft  by  engaging  directly 
ith  a  gear  cut  on  the  outside  of  the  fly-wheel.  The  system  oper- 
tes  on  the  one  wire  method.  An  automatic  circuit  breaker  is 
rovided  to  which  the  generator  is  connected.  This  is  interposed 
etween  the  generator  and  storage  battery  and  when  the  engine 
}eed  becomes  so  low  that  the  generator  output  is  less  than  the  dis- 
large  of  the  battery  the  circuit  breaker  interrupts  the  connection 
id  prevents  the  battery  from  discharging  through  the  dynamo, 
he  various  circuits  are  clearly  outlined  in  the  diagram  and  nc 
fficulty  should  be  experienced  in  tracing  the  wiring  to  the  various 
lits.  The  lighting  system  is  very  complete,  consisting  of  two 
jad  lights,  two  side  lights,  a  dash  light  and  rear  signal.  The 
ires  leading  to  the  various  units  and  to  the  switch  are  of  different 
lors,  so  that  no  trouble  will  result  when  tracing  the  various  cir- 
its.  Li  order  to  prevent  damage  through  short  circuiting  of 
wire,  a  fuse  box  is  provided,  small  fuses  being  interposed  in  all 
mp  circuits.  "When  it  is  desired  to  start  the  motor,  a  switch  on 
e  master  switch  box  is  operated  and  a  foot  pedal  depressed. 
tiis  automatically  engages  the  sliding  pinion  carried  on  the  motor 
•mature  and  also  closes  the  starting  switch  contacts. 
The  storage  battery  used  with  this  system  is  shown  at  Fig. 
rS-B.  It  differs  from  conventional  construction  as  the  three  cells 
re  placed  end  to  end  instead  of  side  by  side,  making  a  long,  nar- 
>w  battery  box  instead  of  the  type  generally  used,  which  is  ap- 
roximately  square.  The  automatic  circuit  breaker  is  shovnx  ^t  G . 
be  only  parts  needing  inspection  are  ttie  eon^aeX.  ^^\x5\s^.    ^^5!^sa 
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Fig.  378. — Diagram  at  A  Shows  Arrangement  of  Parts  of  Auto-lite 
System  and  How  They  are  Wired  Together.  B — Part  Sectional 
View  of  Storage  Battery.  C— Automatic  Circuit  Breaker. 
I^-Current  Generator.    £— Starting  Motor. 
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generator,  which  is  connected  with  the  crank  shaft  and  drivoi 
by  a  silent  chain,  is  shown  at  D.  This  has  an  electric  ^verning 
Bystem,  80  that  its  current  output  is  less  at  high  speeds  than  it  is 
at  normal  speeds.  The  starting  motor  is  shown  at  E,  the  sliding 
pinion  which  engages  with  the  fly-wheel  gear  being  clearly  visible 
through  the  cut-away  portion  of  the  gear  enclosing  case.   The  start- 


Fig.  379. — Wiring  Diagram  of  igi6  Overland-Auto-Lite  System. 

ing  switch  is  mounted  on  the  end  of  the  motor  and  is  worked  by 
the  same  rod  that  slides  the  pinion, 

Q.  How  docs  the  1916  Auto-Lite  system  differ  from  the  one 
of  the  year  previous  ? 

A.  The  diagram  Fig.  379  shows  the  1916  Overland  Auto-Lite 
Bystem.  This  differs  from  the  1915  system  principally  in  the  use 
of  an  automatic  pinion  shift,  and  the  units  are  changed  slight!; 
in  detail  as  outlined  at  Fig.  380,  in  consequence.  The  application 
of  the  system  to  the  four  cylinder  power  plant  is  shown  at  Fi«. 
381,  while  the  method  of  installing  the  units  on  the  six  cylinder 
Overland  engine  is  depicted  at  Fig.  354. 
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Fig.  380. — Starting  Motor  Used  in  1916  Auto-Litc-Overland  Sjratem 
irith  Automatic  Hnion  Shift  at  A,  Automatic  Cutout  Shown 
at  B.  Method  of  Driving  Generator  with  Silent  Chain  Outlined 
at  C. 

Q.  How  many  electric  starting  and  lighting  systems  have 
been  used? 

A.  The  number  of  electric  systemB  used  are  much  too  numerona 
to  be  described  in  a  general  treatise  of  this  nature.  A  complete 
treatiBe  on  all  automobile  electrical  appliances  and  their  use  by 
the  same  author  can  be  consulted  with  advantage  by  those  desiring 
more  information.  This  is  "Modem  Starting,  Lighting  and  Igni- 
tion Synteana." 


'MAG/fero 


Questions  and  Answers  669 

Q.  Describe  steps  to  take  proper  care  of  the  starting  system 
storage  battery. 

A.  The  storage  battery  is  made  up  of  several  hard  rubber  cells 
or  containers  for  the  active  plates  and  liquid  electrolyte.  The 
whole  is  surrounded  by  a  wood  casing  for  mechanical  protection 
and  ease  in  handling.  Each  individual  cell  is  provided  with  a 
screw  cap  for  inspection  and  the  addition  of  electrolyte  or  distilled 
water  when  necessary.  The  electrolyte  must  at  all  times  cover 
the  tops  of  the  plates  at  least  one-quarter  inch.  Insufficient  elec- 
trolyte wiU  result  in  warped  or  buckled  plates,  and  an  accumu- 
lation of  sediment  at  the  bottom  of  the  cells.  The  battery  will 
be  ruined  in  a  short  time  if  the  tops  of  the  plates  are  not  kept 
covered.  Each  cell  must  be  inspected  at  least  once  every  week  in 
summer  and  once  every  two  weeks  in  winter.  All  screw  caps  must 
be  removed  and  distilled  water  added  to  each  cell  to  make  up  for 
the  natural  evaporation.  If  distilled  water  cannot  be  had  use 
clean  rain  water  which  has  not  come  in  contact  with  metal  or 
cement. 

Never  add  acid  to  the  cells  of  the  battery.  If  part  or  all  of  the 
electrolyte  has  been  lost  through  accidental  spilling  or  leakage  get 
full  instructions  and  advice  from  the  maker.  A  hydrometer, 
arranged  with  a  rubber  bulb  to  draw  a  portion  of  the  electrolyte 
from  each  cell,  furnishes  the  best  indication  of  the  condition  of  th^ 
battery.  The  hydrometer  shows  the  specific  gravity  of  the  elec- 
trolyte, which  for  a  fully  charged  cell  should  be  1280  on  a  specific 
gravity  scale.  If  the  car  is  out  of  service  for  a  considerable  length 
of  time,  as  when  laid  up  for  the  winter,  it  is  necessary  to  charge 
the  battery  at  regular  intervals.  This  may  be  done  by  running  the 
engine  at  a  car  speed  of  twenty  miles  per  hour  for  at  least  one 
hour  every  two  weeks.  If  the  car  is  to  be  stored,  and  it  is  not  con- 
venient to  charge  as  above,  the  battery  should  be  removed  from 
the  car  and  placed  in  a  reliable  garage  to  be  properly  taken  care  of. 

If  your  battery  is  arranged  with  terminal  posts  for  the  wiring 
connections  these  must  be  examined  occasionally  to  see  that  they 
axe  clean  and  free  from  sulphate.  The  thorough  application  of  a 
small  amount  of  vaseline  at  the  metal  connections  to  the  battery 
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posts  will  prevent  sulphating  and  consequent  corrosion  and  poor 
electrical  contact  at  these  points.  If  the  electrolyte  leaks  from  the 
joints,  bottom,  or  wood  sides  of  the  battery  case,  one  or  more  of 
the  hard  rubber  ccIIb  are  cracked  or  broken.  The  battery  mast  be 
returned  to  the  factory  for  repairs  or  replacement.  The  metal 
battery  box  must  be  thoroughly  wiped  out  with  a  cloth  saturated 
with  ammonia  to  neutralize  the  acid  and  prevent  corrodoD.    The 


Fig.  382. — Wiring   Diagram   of   Auto-Lite-Chevrolet   Starting,    Ligbtin( 

and   Ignition   System 

top  of  the  battery  must  be  kept  eiean  and  dry  to  prevent  a  leafc 
age  of  current  between  the  termiuals.     See  that  the  battery  ii 
held  securely  in  its  metal  box  or  other  container.     If  neci 
pack  tightly  with  waste  to  prevent  the  battery  shaking  about 
jolting  of  the  ear.     Tools,   other  metal  articles,   or  anything 
value  should  not  be  placed  near  the  battery  as  the  acid  fames 
corrode  and  destroy  metal,  cloth  and  like  material.    Make  c( 
i^at  the  battery  terminaVs  tamicft,  \aM.i^\i  the  cover  of  the  mi 
battery  hoz.    A  thin  sheet,  oi  ^ooi  Soct  ^iCwA.  vos^i^  '^t 
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the  battery  box  will  prevent  short  circuits  or  grounds  from  this 
cause.  It  must  be  remembered  that  the  efficiency  of  any  storage 
battery  decreases  with  drop  in  temperature  and  it  is  only  about 
50  per  cent,  efficient  at  zero  temperature.  For  this  reason  the  de- 
mand for  current  should  be  kept  as  low  as  possible  in  cold  weather 
and  lamps  turned  off  when  not  needed. 

Q.    How  are  electric  lamps  cleaned  and  adjusted? 

A.  To  clean  head  and  side  lamp  reflectors,  remove  from  lamp 
body  and  carefully  blow  out  any  dust  which  may  have  collected 
on  the  reflecting  surfaces.  Then  dip  a  small  piece  of  absorbent 
cotton  in  alcohol  and  lightly  wipe  over  the  surface — always  from 
the  back  to  the  front.  To  focus  the  lamps,  open  the  swinging  front 
of  the  lamp  and  direct  the  light  upon  some  smooth  vertical  surface 
at  a  distance  of  about  ten  feet.  Loosen  the  adjusting  screw  on 
the  slide  at  the  rear  of  the  reflector,  and  move  the  bulb  and  socket 
out  and  in  until  all  rings  disappear  in  the  illuminated  area.  Then 
tighten  down  the  adjusting  screw  and  close  the  lamp.  Any  further 
adjustment  of  the  lamp  must  be  made  by  bending  the  arms  of  the 
lamp  bracket  with  a  heavy  wrench  until  the  light  from  each  lamp 
■    strikes  the  road  at  the  point  desired. 

Q.    How  can  troubles  be  located  in  the  starting  and  lighting 
system? 

A.  In  event  of  trouble  with  any  lighting  system,  the  makers 
^  recommend  a  careful  study  of  the  symptoms,  which  will  usually 
p  provide  a  guide  to  find  the  component  at  fault.  The  indicator  on 
the  dash  of  most  cars  shows  positively  any  failure  of  the  generator 
or  any  break  in  the  wiring.  If  the  indicator  does  not  indicate 
^'charge"  when  the  engine  is  speeded  up  but  shows  "discharge^* 
when  lights  are  turned  on  and  the  engine  at  rest,  the  dynamo  or 

of 

I  current  regulator  is  not  working  properly.  A  common  trouble  is 
[  the  dynamo  brushes  not  sliding  freely  in  their  holders.  If  the 
dynamo  is  driven  by  friction  belt  this  may  be  too  loose  to  drive  the 
dynamo  at  proper  speed.  If  the  indicator  does  not  indicate  ^^charge^^ 
"with  the  engine  speeded  up  and  does  not  indicate  "discharge^^  with 
the  lights  on  and  the  engine  at  rest^  one  should  look  for  an  open 
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Fig.  383. — Components  of  North  East  Motor-Genentor  J 
Assembly. 
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circuit  or  loose  connection  in  the  battery  wiring  or  for  corrosion 
or  looseness  in  the  storage  battery  terminals.  Sometimes  the 
dynamo  terminals  may  have  loosened  and  imperfect  contact  exist 
at  this  point.  Should  the  indicator  show  "discharge"  with  the 
lights  turned  off  and  engine  at  rest  (providing  that  the  indicator 
pointer  is  not  bent),  the  insulation  on  lamp  wires  may  be  injured, 
this  permitting  contact  with  the  frame,  causing  a  short  circuit.  If 
the  indicator  indicates  "charge"  with  the  engine  at  rest,  it  is  a 
positive  indication  that  the  pointer  is  bent. 

Q.    What  do  low  charge  indications  at  ammeter  show? 

A.  If  the  charge  indications  are  below  normal  with  the  engine 
running,  it  may  be  on  account  of  slipping  of  the  driving  belt  if 
the  dynamo  is  driven  in  that  manner,  or  because  of  poor  adjust- 
ment of  the  centrifugal  governor,  if  that  type  of  dynamo  is  used.^ 
If  the  ammeter  "discharge"  indications  are  above  normal  it  is  a 
sign  that  the  lamp  load  is  excessive  or  one  of  the  lamp  wires  is 
in  contact  with  the  frame.  "When  the  indicator  pointer  jerks  from 
one  reading  to  another  with  engine  running  at  constant  speed  on 
the  discharge  scale,  it  means  either  a  short  circuit  in  the  system  or 
a  loose  terminal. 

Q.    What  does  a  "blown"  fuse  indicate? 

-  A.     If  trouble  is  experienced  from  fuses  burning  out  repeatedly, 

^  it  is  a  sign  that  the  lamp  wires  are  in  contact  with  the  frame  at 

^  some  point  or  that  one  of  the  lamps  is  defective  because  of  a  short 

if  circuited  filament. 

Q.    Describe  location  of  starting  faults. 

^       A.     If  the  engine  cranking  speed  is  very  low  and  this  is  not 
due  to  the  engine  being  stiff,  such  as  would  be  the  case  in  cold 
weather  or  after  the  engine  has  been  overhauled  and  bearings 
■^  tightened,  it  may  be  considered  a  positive  indication  that  the  storage 
^  "battery  is  almost  discharged  or  that  it  is  defective  in  some  way, 
If  the  starting  motor  does  not  rotate;  the  battery  may  be  dis- 
charged, the  starting  switch  may  not  be  making  good  contact  oi 
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a  motor  brush  may  not  make  good  contact  with  the  commntatoi 
There  may  be  an  open  circuit  in  the  battery  wiring  to  the  mote: 
or  there  may  be  a  poor  circuit  or  contact  because  of  corrode 
battery  terminals.  If  the  starting  motor  rotates  but  does  nc 
crank  the  engine,  it  is  a  sign  that  the  overrunning  clutch  does  n( 
work  properly  or  that  the  starter  pinion  is  not  properly  meshe 
with  the  flywheel  gear. 

Q.    How  are  troubles  in  lighting  system  located? 

A.  If  the  lamps  will  not  light  but  the  starter  cranks  th 
engine,  this  shows  that  the  storage  battery  is  in  proper  conditio] 
and  that  the  trouble  is  due  to  burned  out  or  broken  lamp  filamen 
or  defective  lamp  fuses.  If  the  lamps  burn  brightly  but  fail  to. 
illuminate  the  road  sufficiently,  the  bulbs  may  be  out  of  focus  i 
respect  to  the  parabolic  reflector  of  the  lamp  or  the  lamp  8up«j 
porters  may  be  bent  in  such  a  way  that  the  rays  of  light  may 
directed  too  far  upwards.  If  the  lamps  burn  dimly  or  not  at 
and  it  is  difficult  to  crank  the  engine  with  the  starting  motor, 
means  a  weak  or  discharged  storage  battery.  In  addition  to 
the  lamps  may  be  old  and  have  blackened  insides,  the  system  mij 
be  slightly  short  circuited,  or  considerable  resistance  may  be  pi 
ent,  due  to  loose  or  dirty  connections.  If  the  lamps  blacken 
burn  out  quickly  they  are  not  of  the  proper  quality  if  they 
six  volt  lamps,  and  not  of  the  proper  voltage  if  other  than  six 
lamps.  There  is  one  exception  to  this  rule,  and  that  is  the  bi 
of  the  tail  lamp  and  dash  light,  which  are  three  volt  lamps 
these  two  are  wired  together  in  series.  Burning  out  of  the 
may  be  caused  by  the  regulator  not  working  properly,  and  if 
is  the  case  the  lamps  wiU  burn  out  at  high  engine  speed.  If 
lamps  flicker  and  the  ammeter  or  indicator  needle  is  unsteady, 
for  loose  connections  in  the  light  wires,  loose  connections 
battery  and  dynamo,  loose  contact  at  a  lamp  connector  or 
bulb,  poor  contact  between  fuses  and  fuse  clips,  or  an  exposed 
touching  the  frame  intermittently. 
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9b       « 


:■  3S4. — Parts  of  North  East  Motor-Generator  Field  ABSembly. 

What  is  a  test  lamp  useful  for? 

If  one  suspects  that  the  battery  is  discharged,  its  condition 
be  readily  determiaed  by  using  a  test  lamp,  which.  cQlla«*.^ 
gia&U  hoBp  of  the  proper  voltage  with,  siutalti^  wiOu^  wc&'^:«^ 
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lengths  of  wire.  The  test  lamp  may  also  be  used  for  locating  short 
circuits  or  open  circuits.  It  is  well  to  bear  in  mind  that  the  lead 
terminals  of  the  battery  should  be  scraped  clean  and  bright  at  the 
point  where  the  test  lamp  wires  bear  in  order  to  insure  a  good 
clean  contact.  If  the  test  lamp  bums  brightly  it  shows  that  there 
is  current  in  the  storage  battery.  To  locate  a  short  circuit  the 
fuses  are  removed  from  the  rear  of  the  switch  and  the  wire  is 
disconnected  from  the  negative  battery  terminal.  Connect  one  of 
the  test  lamp  terminals  to  the  free  battery  terminal  and  touch  the 
other  test  lamp  wire  to  the  frame  of  the  car.  The  test  lamp  should 
light  if  good  contact  is  made,  this  indicating  that  the  positive  bat- 
tery terminal  is  properly  connected  to  the  ground.  Keep  one  test 
lamp  wire  in  contact  with  the  negative  terminal  and  touch  the 
other  wire  to  the  end  of  the  battery  wire  just  disconnected.  If  the 
test  lamp  lights  it  shows  that  a  conductor  or  wire  connected  to  the 
battery,  lamps,  horn  or  starting  motor  is  in  contact  with  or 
grounded  to  the  frame  of  the  car. 

Q.    What  should  the  wiring  be  examined  for  and  what  care  is 
needed  of  the  wires? 

A.     Any  wires  having  injured  insulation  should  be  wrapped  j 
with  electrical  tape  to  prevent  metallic  contact  between  the  con- 
ductor and  the  frame.    Open  circuits  are  best  indicated  by  feeling  j 
of  the  wires  where  they  fasten  to  the  terminals  to  make  sure  that] 
positive  contact  is  made  and  that  the  terminal  binding  nuts 
not  loose.     Short  circuits  may  also  be  located  if  no  test  lamp 
available  by  following  the  various  wires,  and  if  any  of  these 
found  in  contact  with  the  frame  it  is  a  wise  precaution  to  pull  the 
away  and  to  wrap  the  section  that  was  in  contact  with  the  fri 
thoroughly  with  insulating  tape.     If  one  lamp  flickers  and 
rest  burn  brightly,  look  for  a  poor  connection  between  the 
and  the  lamp  connector,  a  loose  terminal  at  the  junction  swil 
or  a  defective  fuse.    If  all  lamps  flicker,  look  for  loose  connectic 
in  wiring  between  battery  and  junction  switch.    When  lamp 
have  been  renewed  in  head  lights  it  is  sometimes  necessary  to 
focus  the  lamps.    Head  \ig\v\&  dicrald  not  exceed  15  candle 
Bnd  should  always  be  ot  Mts.^  \^^  s^^vsosi:^  ^^asswscX  \:^^. 
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carbon  filament  lamps  will  not  only  consume  undue  current  but   ■ 
will  not  prove  enduring.     Tungsten  filament  lamps  are  best. 

Q.    What  faults  can  be  looked  for  in  motors  and  generators? 

A.    While  every  eflEort  has  been  made  by  the  manufacturers 
of  electric  starting  and  lighting  systems  to  have  the  various  units 
function  as  nearly  automatically  as  possible,  it  will  be  evident 
that  some  attention  will  be  needed  by  the  various  units.    The  gene- 
rator should  be  looked  over  from  time  to  time  and  should  any 
carbon  dust  be  worn  from  the  brushes  by  the  commutator  and  de- 
posited in  the  lower  part  of  the  casing  it  should  be  blown  out 
with  compressed  air.     It  is  stated  that  an  accumulation  of  this 
dust  may  result  in  a  ground  to  the  generator  case  or  produce  a 
short  circuit  between  the  brush  carrier  and  case.     If  the  commu- 
tator is  blackened  or  rough  it  must  be  smoothed  down  with  fine 
sandpaper  while  the  armature  is  rotating.    Never  use  emery  cloth 
for  this  purpose.     After  smoothing  down  the  commutator  remote 
all  particles  of  metal  which  may  bridge  across  between  the  copper 
segments.     The  insulating  material  between  the  commutator  seg- 
ments should  not  be  higher  than  the  surfaces  of  the  segment,  andi 
if  any  of  it  projects  it  must  be  filed  down  slightly  lower  than  the| 
copper  pieces  by  using  a  small  file. 

The  brushes  are  the  part  of  the  generator  that  demand  the  moskj 
attention  and  to  which  most  of  the  troubles  in  devices  of  this  kind] 
are  due.    They  should  be  examined  to  see  that  they  are  in  perfe 
contact  with  the  commutator  and  that  they  do  not  stick  in  the  bi 
holders.     Any  dirt  or  grease  on  the  brush  assembly  should 
removed.    One  of  the  most  fertile  causes  of  poor  brush  contact  wit 
the  commutator  is  on  account  of  insuflficient  spring  tension.    "Whe 
examining  the  brushes  care  should  be  taken  to  see  that  these 
maintained  positively  in  contact  with  the  copper  segments.    Cl 
should  be  taken  not  to  have  the  spring  pressure  too  great,  as 
would  produce  rapid  depreciation  of  the  brushes  and  heating  of 
commutator.    Brushes  that  have  worn  down  till  they  are  short 
be  replaced  with  new  ones.    When  replacing  brushes  be  sure 
tbejr  £t  the  commutator  saxi^Le-e  exa.cX\^  w^x  tlsLS  whole  area  of 
end  ot  the  brush,  and  in  aV\  ^^ca^'^  ^^sfe  \stvM^^  l^x  t^s^ 
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furnished  by  the  maker  of  the  generator.  In  some  generators, 
shunt  connections,  which  are  called  "pigtails/^  are  used  for  con- 
necting the  brushes.  If  the  new  brushes  furnished  by  the  factory 
have  these  connections  attached  care  should  be  taken  to  make  the 
connection  exactly  the  same  as  on  the  old  brushes. 

It  is  imperative  that  the  commutator  be  kept  clean,  as  any  oil 
or  grease  on  the  segments  will  collect  carbon  dust  and  produce 
short  circuiting.  The  brush  holders  should  be  entirely  insulated 
from  the  carrying  case,  and  if  any  of  the  insulating  bushings, 
washers  or  plates  are  found  defective  they  must  be  replaced  with 
new  ones. 

Q.  What  points  do  makers  of  starting  systems  wish  the  car 
operator  to  bear  in  mind? 

A.  The  user  of  any  electrical  starting  and  lightiog  system  will 
avoid  trouble  and  expense  by  the  observation  of  the  following 
instructions: 

Don't  replace  worn-out  brushes  with  any  others  than  those  sup-! 
plied  by  the  manufacturer. 

Don't  put  oil  or  grease  on  the  commutator  of  the  generator  orj 
motor.    No  lubrication  is  wanted  there. 

Don't  turn  the  hose  on  the  generator  or  motor  when  washi] 
your  car. 

Don't  tighten  up  on  the  silent  chain  drive  unless  the  slack 
comes  excessive  from  stretching.     The  chain  must  be  run  with 
reasonable  amount  of  slack  to  prevent  noise  and  wear. 

Don't  fail  to  lubricate  the  silent  chain  drive  at  frequent  inl 
vals.    Noise  will  be  eliminated  and  wear  reduced.    Keep  the  cl 
and  sprockets  clean,  and  free  from  dirt  and  gravel. 

Don't  try  to  run  the  car  with  the  starting  motor  as  this 
seriously  injure  the  battery. 

Don't  make  any  adjustments  without  knowing  what  the 
will  be. 

Don't  take  anything  apart  unless  you  are  sure  you  can  put 
back  together  again. 
Do  not  connect  additional  ^.pparatus,  such  as  electrical  h< 
cigar  lighters,  etc.,  to  tYi^  sy«»teiiL  m\!ckRraX  \»imi\j,  ^^  T&aJtJtm 
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with  the  factory.  The  aurplus  capacity  of  the  system  is  large,  bat 
there  is  a  limit  to  the  amount  of  current  which  the  generator  can 
produce.  Use  the  same  judgment  and  reason  in  the  operation  of 
the  electric  lights  on  a  ear  as  you  do  those  in  your  home  or  garage. 
"When  a  car  is  running  it  is  not  necessary  to  bum  all  the  lights, 
the  two  head  and  the  tail  are  all  tiiat  are  required  or  that  are 
of  any  service.  When  the  car  is  standing  at  night,  use  the  aide 
and  tail  lights  only.  "When  push  type  connectora  are  used,  if  halves 
of  connectors  are  loose  when  pushed  together,  the  contact  will  be 
poor.  Spread  the  connector  posts  slightly  so  that  they  will  alide 
in  their  sockets  snugly.  If  Ediswan  type  are  used,  and  plunger 
springs  in  connector  do  not  operate,  replace  the  connector  with  a 
perfect  one. 

Q.  What  is  the  Bendix  pinion  shift  ? 

A.  This  is  a  popular  method  of  enga^ng  an  engine  flywheel  gear 
to  start  the  engine  from  an  electric  starting  motor.  The  pinion  or 
screw  gear  has  a  spiral  thread  cut  in  its  interior  and  works  on  a  cor- 


Kg.  S87a. — Starting  Motor,  Showing  the  Application  of  the  Autonu^ 
Pinion  Shift,  by  Which  the  Flywheel  Driving  Pinion  is  EngWMj 
by  Motor  Armature  Shaft  Rotation. 


■     responding  thread  on  the  armature  shaft.     When  the  armature  M 
volves,  the  pinion  is  acTevjeA  aVoTi^L,  tke  abaft  and  into  e 
with  the  teeth  on  the  ayyfVeeV  feeax. 


LESSON  THIRTY-NINE 

USEFUL  INFORMATION  FOR  MOTORISTS. 

WINTER  DRIVING 

(Courtesy  of  Willys-Overland  Co.,  Toledo,  Ohio.) 

Tire  Chains. — For  driving  in  winter,  or  on  slippery  roads,  the 
e  of  tire  chains  is  advisable.  The  chains  should  be  properly 
justed.  When  they  are  applied  too  tightly  they  will  cut  the 
3ad  and  render  it  useless  in  a  short  time.  Adjust  the  chains 
that  they  will  shift  around  over  the  tread,  to  distribute  the 
jar. 

In  an  emergency,  as  when  the  car  has  become  mired,  or  the  road 
so  slippery  that  the  wheels  cannot  secure  sufiBcient  hold  to  move 
3  car,  a  rope  wound  around  the  rear  wheel  in  between  the  spokes 
11  be  found  a  simple  and  effective  means  of  getting  started. 
Non-freezing  Cooling  Solutions. — ^Whenever  the  temperature 
proaches  40  degrees  Fahrenheit  above  zero,  the  cooling  system 
3uld  be  made  frost-proof  by  mixing  a  non-freezing  substance 
th  the  water.  Wood  alcohol  or  denatured  alcohol  is  best  for  that 
rpose. 

The  following  table  may  be  used  in  estimating  the  quantity  of 
johol  required  for  different  temperatures : 

Model  69— Capacity  of  Cooling  System  4%  Gallons. 

:  pints  alcohol  added  to  the  water  will  not  freeze  at  10  degrees 
Fahrenheit  above  zero. 

y^  pints  alcohol  added  to  the  water  will  not  freeze  at  5  degrees 
Fahrenheit  above  zero. 

14  pints  alcohol  added  to  the  water  will  not  freeze  at  zero  Fah- 
renheit. 
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15  pints  alcohol  added  to  the  water  will  not  freeze  at  25  degrees 
Fahrenheit  below  zero. 

Model  71— Capacity  of  Cooling  System  6  Gallons. 

4%  pints  alcohol  added  to  the  water  will  not  freeze  at  10  degrees 

Fahrenheit  above  zero. 
9y2  pints  alcohol  added  to  the  water  will  not  freeze  at  5  degrees 
Fahrenheit  above  zero. 
12  pints  alcohol  added  to  the  water  will  not  freeze  at  zero  Fahren- 
heit. 
19  pints  alcohol  added  to  the  water  will  not  freeze  at  25  degrees 
Fahrenheit  below  zero. 
Since  alcohol  evaporates  more  quickly  than  the  water,  any  loss 
should  be  replaced  with  equal  parts  of  alcohol  and  water. 

The  use  of  powerful  chemicals  like  calcium  chloride,  sodiuiii 
chloride,  or  of  glycerine  in  cooling  solutions  is  apt  to  have  trouble- 
fiome  consequences,  because  the  chlorides  attack  the  metal  of  the 
system,  while  glycerine  will  act  as  a  solvent  of  the  rubber  connec- 
tions and  is  troublesome  in  other  ways. 

CALCIUM  CHLORIDE  SOLUTIONS 

2  pounds  salt,  1  gallon  water Freezing  point,  18®  F. 

3  pounds  salt,  1  gallon  water Freezing  point,  1.5®  F. 

4  pounds  salt,  1  gallon  water Freezing  point,  -17®  F. 

5  pounds  salt,  1  gallon  water Freezing  point,  -39®  F. 

VaTER  and  ALCOHOL  SOLUTIONS 

Water  95%,  Alcohol     5% Freezing  point,  25®  P. 

Water  85%,  Alcohol  15% .* Freezing  point,  11®  F. 

Water  80%,  Alcohol  20% Freezing  point,  5®  F, 

Water  70%,  Alcohol  30% Freezing  point,  -5®  F. 

Water  65%,  Alcohol  35% Freezing  point,  -16®  F. 

WATER,   ALCOHOL   AND   GLYCERINE    SOLUTIONS 

Water  85%,   Alcohol — Glycerine   15% Freezing  point,  20*  f* 

Water   75%,   Alcohol — Glycerine   25% Freezing  point,  8*  F« 

Water  70%,   Alcohol — Glycerine  30% Freezing  point,  -6*  W* 

Water  60%,   Alcohol — Glycexme  40<7o. .YTwiia^  point,  -28«  Jl 

Alcohol  and  Glycerine— equal  ptopoxWoiia. 
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The  Best  Mixture. — ^Plam  water  and  alcohol  solutions  would 
be  the  best  were  it  not  for  the  ease  with  which  such  compounds 
boil  and  the  rapidity  with  which  they  evaporate.  We  have  seen 
that  the  objections  advanced  against  calcium  chloride  solution  have 
ample  foundation  and  that  such  compounds  are  not  suitable  for 
use,  the  chief  advantage,  that  of  cheapness,  having  been  eliminated 
by  the  reduction  in  the  price  of.  denatured  alcohol.  The  addition 
of  a  little  glycerine  to  an  alcohol  and  water  solution  reduces  lia- 
bility of  evaporation,  and  when  used  in  such  quantities  it  has  no 
injurious  effect  to  speak  of  on  rubber  hose. 

If  the  cooling  water  should  freeze  through  neglect  of  ordinary 
precautions,  do  not  attempt  to  thaw  it  out  by  starting  the  motor, 
but  thaw  it  by  putting  the  car  in  a  warm  place. 

During  cold  weather  the  motor  is  sometimes  hard  to  start  after 
the  cylinders  have  become  thoroughly  chilled.  The  remedy  in  a 
case  of  this  kind  is  to  introduce  a  small  quantity  of  gasoline — 
about  a  teaspoonful — ^through  the  priming  cocks  direct  into  the 
cylinder.  The  rich  mixture  secured  in  this  way  will  start  the 
motor.  Once  started  the  clyinders  will  warm  up  and  continue  to 
work  without  trouble.  In  most  cases  the  closing  of  the  air-shutter 
in  the  carburetor  will  be  sufl&cient  to  secure  a  start. 

It  is  always  well,  when  making  a  stop,  to  cover  hood  and  radi- 
ator, which  will  give  considerable  protection  from  the  likelihood  of 
freezing  and  also  make  a  new  start  easier. 

A  cloth  wrung  out  in  very  hot  water  and  held  around  the  car- 
buretor also  will  facilitate  starting  in  extremely  cold  weather. 
This  may  become  necessary  in  extremely  low  temperatures,  when 
water  which  may  have  entered  the  float  chamber  of  the  carburetor 
and  separated  from  the  gasoline  is  likely  to  freeze  and  clog  up  the 
spray  nozzle. 

Cold  Weather  Lubrication. — The  oiling  system  deserves  some 
attention  during  the  winter.  Do  not  use  too  thick  a  lubricant,  for 
the  cold  will  congeal  it  still  more.  When  starting  in  cold  weather 
nm  the  motor  slowly  for  a  short  time,  until  things  are  warmed 
up  sufficiently  for  the  oil  to  flow  freely. 
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Body  Polish. — ^A  much  recommended  body  polish  is  made  by 
fixing  the  following  ingredients: 

Turpentine 1  gallon 

Paraflfine  Oil 1  pint 

Oil  of  Citronella 3^^  ounces 

Oil  of  Cedar li>^  ounces 

Another  scheme  is  to  use  a  mixture  of  boiled  linseed  oil  and 
turpentine,  applying  it  sparingly  and  rubbing  absolutely  dry.  The 
use  of  these  polishes  will  restore  even  an  old  car  to  a  degree  of 
brightness  that  will  please  the  owner.  Floor  wax  is  also  used,  as 
is  furniture  polish. 

Care  of  Tops. — ^Mohair  tops  should  be  frequently  dusted  and 
brushed  off.  Pantasote  tops  and  curtains  are  best  cleaned  with  a 
soft  brush  dipped  in  water  to  which  a  little  ammonia  has  been 
added.  Afterwards  rub  dry.  Never  attempt  to  clean  top  and  cur- 
tains with  gasoline  or  kerosene.  Do  not  fold  the  top  until  it  has 
become  thoroughly  dry,  because  any  moisture  remaining  in  the 
folds  is  apt  to  cause  mildew,  besides  making  the  top  leaky  and 
unsightly  with  spots.  When  a  car  is  not  used  for  some  time,  it  ia 
best  to  open  the  top,  which  keeps  it  well  stretched  and  smooth. 

Care  of  Leather  Upholstery. — ^Do  not  use  gasoline  in  cleaning 
leather  upholstery.  Plain  water  with  a  little  ammonia  will  remove 
the  dirt  and  a  brisk  rubbing  with  a  clean  woolen  or  flannel  cloth 
will  do  the  rest.  For  still  more  careful  treatment  use  a  regular 
leather  dressing. 

Care  of  Cloth  Upholstery. — ^Do  not  use  an  acid  solution  in 
cleaning  cloth  upholstery. 

Cloth  is  not  affected  by  climatic  conditions  and  withstands  both 
heat  and  cold,  and  having  no  oil  in  its  make-up,  does  not  pick  up 
or  hold  dust  readily.  To  remove  ordinary  dust,  beat  cushions  and 
backs  lightly  with  stick  or  carpet  beater,  then  remove  dust  with 
whisk-broom  or  brush.  Grease  or  oil  may  be  removed  by  tha 
application  of  a  solution  of  lukewarm  water  and  Ivory  soap  apjdied  | 
with  a  woolen  cloth.  .'  g 
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AUTOMOBILES  AND  MOTORCYCLES 

THE  MODERN    GASOLINE  AUTOMOBILE— ITS    DESIGN,  CONSTRUO 

TION,  MAINTENANCE  AND  REPAIR.    By  VicrroR  W.  Pag6,  M.E. 

The  latest  and  most  complete  treatise  on  the  Gasoline  Automobile  ever  issued.  Written 
In  simple  language  by  a  recognized  authority,  familiar  with  every  branch  of  the  auto? 
mobile  industry.  Free  from  technical  terms.  Everything  is  explained  so  simply 
that  anyone  of  average  intelligence  may  gain  a  comprehensive  Imowledge  of  the 
gasoline  automobile.  The  information  is  up-to-date  and  includes,  in  addition  to  an 
reposition  of  principles  of  construction  and  description  of  all  types  of  automobiles  and 
their  components,  valuable  money-saving  hints  on  the  care  and  operation  of  motor- 
cars propelled  by  internal  combustion  engines.  Among  some  of  the  subjects  treated 
might  be  mentioned:  Torpedo  and  other  symmetrical  body  forms  designed  to  reduce 
air  resistance;  sleeve  valve,  rotary  valve  and  other  types  of  silent  motors;  increasing 
tendency  to  favor  worm-gear  power -transmission; 'universal  application  of  magneto 
ignition;  development  of  automobile  electric-lighting  systems;  block  motors;  under- 
uung  chassis;  application  of  practical  self-starters;  long  stroke  and  offset  cylinder 
motors;  latest  automatic  lubrication  systems;  silent  chains  for  valve  operation  and 
change-speed  gearing;  the  use  of  front  wheel  brakes  and  many  other  detail  rejQmements. 
By  a  careful  study  of  the  pages  of  this  book  one  can  gain  practical  knowledge  of  autO' 
mobile  construction  that  will  save  time,  money  and  worry.  The  book  tells  you  just 
what  to  do,  how  and  when  to  do  it.  Nothing  has  been  omitted,  no  detail  has  been 
slighted.  Every  part  of  the  automobile,  its  equipment,  accessories,  tools,  suppUes, 
spare  parts  necessary,  etc.,  have  been  discussed  comprehensively.  If  you  are  or 
intend  to  become  a  motorist,  or  are  in  any  way  interested  in  the  modem  Gasoline 
Automobile,  this  is  a  book  you  cannot  afford  to  be  without.  Over  1,000  pages— 
and  more  than  1,000  new  and  specially  made  detail  illustrations,  as  well  as  many  full- 
page  and  double-page  plates,  showing  all  parts  of  the  automobile.  Including  12  large 
folding  plates.     1920  Edition.     Price $4.00 

WHAT  IS   SAID   OP  THIS   BOOK: 

"It  is  the  best  book  on  the  Automobile  seen  up  to  date." — J.  H.  Pile.  Associate  Editor 
Automobile  Trade  Journal. 

"Every  Automobile  Owner  has  use  for  a  book  of  this  character." — The  Tradesman. 

"This  book  is  superior  to  any  treatise  heretofore  published  om  the  subject." — The 
Inventive  Age. 

"We  know  of  no  other  volume  that  is  so  complete  in  all  its  departments,  and  in  which 
the  wide  field  of  automobile  construction  with  its  mechanical  intricacies  is  so  plainly 
handled,  both  in  the  text  and  in  the  matter  of  illustrations." — The  Motorist. 

"The  book  is  very  thorough,  a  careful  examination  failing  to  disclose  any  point  in 
connection  with  the  automobile,  its  care  and  repair,  to  have  been  overlooked." — 
Iron  Age. 

"Mr.  PagjS  has  done  a  great  work,  and  benefit  to  the  Automobile  Field." — ^W.  O. 
Hasford,  Mgr.  Y.  M.  C.  A.  Automobile  School,  Boston.  Mass. 

"It  is  just  the  kind  of  a  book  a  motorist  needs  if  he  wants  to  imderstand  his  car.*'-* 
American  Thresherman. 

THE   MODEL  T  FORD   CAR,  ITS   CONSTRUCTION,  OPERATION  AND 

REPAIR,    INCLUDING  THE  FORD  FARM   TRACTOR.    By  Vicjtoe  W. 

Pag6,  M.E. 

This  is  a  complete  instruction  book.  All  parts  of  the  Ford  Model  T  Car  are  described 
and  illustrated;  the  construction  is  fully  described  and  operating  principles  made 
dear  to  everyone.  Every  Ford  owner  needs  this  practical  book.  You  don't  have  to 
guess  about  the  construction  or  where  the  trouble  is,  as  it  shows  how  to  take  aU  parts 
apart  and  how  to  locate  and  fix  all  faults.  The  writer,  Mr.  Pag6,  has  operated  a  Ford 
car  for  four  years  and  writes  from  actual  knowledge.  Among  the  contents  are: 
1.  The  Ford  car.  Its  Parts  and  Their  Functions.  2.  The  Engine  and  Auxiliary 
Oroups.  How  the  Engine  Works — The  Fuel  Supply  System — The  Carburetor — 
Making  the  Ignition  Spark — Cooling  and  Lubrication.  3.  Details  of  Chassis. 
Change  Speed  Gear — ^Power  Transmission — Differential  Gear  Action — Steering  Gear 
— ^Pront  iGde — ^Frame  and  Springs — Brakes.  4.  How  to  Drive  and  Care  for  the  Ford. 
The  Control  System  Explained — Starting  the  Motor — Driving  the  Car — ^Locating 
Roadside  Troubles — Tire  Repairs — Oiling  the  Chassis — ^Winter  Care  of  Car.  6.  Sys^ 
tematic  Location  of  Troubles  and  Remedies.    Faults  in  Engine — ^Faults  in  Carburetor 


CATALOGUE  OF  GOOD,  PRACTICAL  BOOKS 

— Ignition  Troubles — Cooling  and  Lubrication  Sygtem  Defects — ^Adjustment  of 
Transmission  Gear — General  Chassis  Repairs.  The  Ford  Tractor  and  Tractor  con- 
version sets  and  Grenuine  Fordson  Tractor  Operation  and  Repair — ^F.  A.  Startang 
and  Lighting  System.  153  illustrations.  410  pages.  Two  large  folding  plates. 
Price $2^ 

AUTOMOBILE  REPAIRING  MADE  EASY.    By  Victor  W.  Pag6,  M.B. 

A  comprehensive,  practical  exposition  of  every  phase  of  modem  automobile  repairing 
practice.  Outlines  every  process  incidental  to  motor  car  restoration.  Gives  plans  for 
workshop  construction,  suggestions  for  equipment,  power  needed,  machinery  and  tools 
necessary  to  carry  on  the  business  successfully.  Tells  how  to  overhaul  and  repair  all 
parts  of  all  automobiles.  Everything  is  explained  so  simply  that  motorists  and  students 
can  acquire  a  fuU  working  knowledge  of  automobile  repairing.  This  work  starts  with 
the  engine,  then  considers  carburetion,  ignition,  cooling  and  lubrication  systems.  The 
clutch,  chsinge  speed  gearing  and  transmission  system  are  considered  in  detail.  Contains 
instructions  for  repairing  all  .types  of  axles,  steering  gears  and  other  chassis  iMUts. 
Many  tables,  short  cuts  in  figuring  and  rules  of  practice  are  given  for  the  mechanic. 
Explains  fully  valve  and  magneto  timing,  "tuning"  engines,  systematic  location  of 
trouble,  repair  of  ball  and  roller  bearings,  shop  kinks,  first  aid  to  injured  and  a  multi- 
tude of  subjects  of  interest  to  all  in  the  garage  and  repair  business. 

This  book  contains  svecial  instructions  on  electric  starting,  lighting  and  ignition  systems, 
tire  repairing  and  rebuilding,  autogenous  welding,  brazing  and  soldering,  heat  treatment  oi 
steel,  latest  timing  practice,  eight  and  twelve-cylinder  motors^  etc.  5^x8.  Cloth.  1056 
pages.  1,000  illustrations,  11  folding  plates.    Price 94.00 

WHAT  IS  SAID  OF  THIS  BOOK: 

*'  'Automobile  Repairing  Made  Easy '  is  the  best  book  on  the  subject  I  liave  ever  seen 
and  the  only  book  I  ever  saw  that  is  of  any  value  in  a  garage." — Fred  Jeffrey,  Martins- 
burg,  Neb. 

*'I  wish  to  thank  you  for  sending  me  a  copy  of  'Automobile  Repairing  Made  Easy.*  I 
do  not  think  it  could  be  excelled." — S.  W.  Gisriel,  Director  of  Instruction,  Y.  M.  C.  A, 
Philadelphia.  Pa. 

QUESTIONS  AND  ANSWERS  RELATING  TO   MODERN  AUTOMOBILE 
CONSTRUCTION,  DRIVING  AND  REPAIR.    By  Victor  W.  Pag6,  M.E. 

A  practical  self-instructor  for  students,  mechamcs  and  motorists,  consisting  of  thirty- 
seven  lessons  hi  the  form  of  questions  and  answers,  written  with  special  reference  to  tne 
requirements  of  the  non-technical  reader  desiring  easily  understood,  explanatory 
matter  relating  to  all  branches  of  automobiling.  The  subject-matter  is  absolutely 
correct  and  explained  in  simple  language.  If  you  can't  answer  all  of  the  foUowbig 
questions,  you  need  this  work.  The  answers  to  these  and  nearly  2000  more  are  to 
be  found  in  its  pages.  Give  the  name  of  all  important  parts  of  an  automobile  and 
describe  their  functions?  Describe  action  of  latest  types  of  kerosene  carburetcKS? 
What  is  the  difference  between  a  "double"  ignition  system  and  a  "dual**  ignitioa 
system?  Name  parts  of  an  induction  coil?  How  are  valves  timed?  What  is  an 
electric  motor  starter  and  how  does  it  work?  What  are  advantages  of  worm  drive 
gearing?  Name  all  important  types  of  ball  and  roller  bearings?  What  is  a  "three- 
quarter**  floating  axle?  What  is  a  two-speed  axle?  What  is  the  Vulcan  electric  gear 
snlft?  Name  the  causes  of  lost  power  in  automobiles?  Describe  all  noises  due  to 
deranged  mechanism  and  give  causes?  How  can  you  adjust  a  carburetor  by  tbe 
color  of  the  exhaust  gases?  What  causes  '*popping"  in  the  carburetor?  What  todta 
a^  supplies  are  needed  to  equip  a  car?  How  do  you  drive  various  nukkes  of  cars? 
What  is  a  differential  lock  and  where  is  it  used?  Name  different  systems  of  win 
wheel  construction,  etc.,  etc.  A  popular  work  at  a  popular  price.  5K  z7H.  ClotlL 
700  pages,  350  illustrations,  3  folding  plates.    Price fdJ^O 

WHAT  IS  SAID  OP  THIS  BOOK: 

"If  you  own  a  car — get  this  book.** — TJie  Glassworker, 

'*  Mr.  Pag6  has  the  faculty  of  making  difficult  subjects  plain  and  understandable.**— 
Bristol  Press. 

m 

"We  can  name  no  writer  better  qualified  to  prepare  a  book  of  instroction  on  aokh 
mobiles  than  Mr.  Victor  W.  Page." — Scientific  American. 

"The  best  automobile  catechism  that  has  appeared.** — Automobile  Topics. 

•*  There  are  few  men,  even  with  long  experience,  who  will  not  find  this  book  nsefOL 

Q^reat  pains  have  been  taken  to  make  it  accurate.    Special  recommendation  must  be 


( 


CATALOGUE  OF  GOOD,  PRACTICAL  BOOKS 


m.  to  the  illustrations,  which  have  been  made  specially  /or  the  work.  Such  ex- 
ant  books  as  this  greatly  assist  in  fully  understanding  your  automobile." — En* 
iering  News. 

ERN  STARXraO,  LIGHXmG  AND  IGNITION  SYSTEMS.    By  Victor 
Paq6,  M.E. 

Is  practical  voltune  has  been  written  with  special  reference  to  the  requirements  otthe 
L-technical  reader  desiring  easily  imderstood.  explanatory  matter,  relating  to  aJl 
>es  of  automobile  ignition,  starting  and  lighting  systems.  It  can  be  understood  by 
rone,  even  without  electrical  knowledge,  because  elementary  electrical  principles  are 
usidered  before  any  attempt  is  made  to  discuss  features  of  the  various  systems. 
Bse  basic  principles  are  clearly  stated  and  illustrated  with  simple  diagrams.  All  the 
iing  systems  of  starting,  lighting  and  ignition  have  been  described  and  illustrated  with 
co-operation  of  the  experts  employed  by  the  manufacturers.  Wiring  diagrams  are 
rwQ  in  both  technical  and  non-technical  forms.  All  symbols  are  fully  explained.  It 
,  comprehensive  review  of  modem  starting  and  ignition  system  practice,  and  includes 
cmiplete  exposition  of  storage  battery  construction,  care  and  repair.  All  types  of 
rting  motors,  generators,  magnetos,  and  all  ignition  or  lighting  system  units  are 
Ly  explained.  The  systems  of  cars  already  in  use  as  well  as  those  that  are  to  come 
1920  are  considered.  Every  person  in  the  automobile  business  needs  this  tolume, 
;x7H-    Cloth.    804  pages.  492  illustrations.  3  folding  plates.    Price    .       .      $8.00 

)LINE  AND  KEROSENE  CARBURETORS,  CONSTRUCTION,  IN- 
ALLATION  AND  ADJUSTMENT.  By  Major  Victor  W.  Pag6.  A 
w  Up-to-date  Book  on  Modem  Carburetion  Practice. 

is  is  a  simple,  comprehensive,  and  authoritative  treatise  for  practical  men  ex- 
ining  all  basic  principles  pertaining  to  carburetion,  showing  how  liquid  fuels  are 
K>rized  and  turned  into  gas  for  operating  all  types  of  internal  combustion  engines  in- 
ded  to  operate  on  vapors  of  gasoline,  kerosene,  benzol,  and  alcohol.  All  leading  types 
carburetors  are  described  in  detail,  special  attention  being  giv^i  to  the  forms  devised 
ise  the  cheaper  fuels  such  as  kerosene.  Carburetion  troubles,  fuel  system  troubles, 
buretor  repairs  and  installation,  electric  prime's  and  economizers,  not  spot  mani- 
is  and  all  modem  carburetor  developments  are  considered  in  a  thorough  manner, 
rthods  of  adjusting  all  types  of  carburetors  are  fully  discussed  as  well  as  sugges- 
is  for  securing  maximmn  fuel  economy  and  obtaining  highest  engine  power, 
js  book  is  Invaluable  to  repairmen,  students,  and  motorists,  as  it  includes  the 
St  complete  exposition  on  kerosene  carburetors  ever  published.  The  drawings 
>wing  carburetor  construction  are  made  troTa.  accurate  engineering  designs  and 
m  aU  parts  of  late  types  of  carburetors.     250  pages.    89  illustrations.  .      $S.OO 

'  TO  RUN  AN  AUTOMOBILE.    By  Victor  W.  Pag^. 

Is  treatise  gives  concise  Instructions  for  starting  and  running  all  makes  of  gasoline 
omobiles,  how  to  care  for  them,  and  gives  distinctive  features  of  control.  De- 
Ibes  every  step  for  shifting  gears,  controlling  enghie,  etc.  Among  the  chapters 
Ltained  are:  I.  Automobile  Parts  and  Thdlr  Functions.  II.  General  Starting 
1  Driving  Instructions.  III.  Typical  1919  Control  Systems — Care  of  Auto- 
biles.     Thoroughly  Illustrated.     178  pages.    72  illustrations.    Price   .     .      $1.50 

AUTOMOBILIST'S  POCKET  COMPANION  AND  EXPENSE  RECORD. 
•  Victor  W.  Pag6. 

Is  book  is  not  only  valuable  as  a  convenient  cost  record,  but  contains  mudh  in- 
mation  of  value  to  motorists.  Includes  a  condensed  digest  of  auto  laws  of  all 
ites,  a  lubrication  schedule,  hints  for  care  of  storage  battery,  and  care  of  tires, 
sktion  of  road  troubles,  anti-freezing  solutions,  horse-power  table,  driving  hints 
1  many  useful  tables  and  recipes  of  interest  to  all  motorists.  Not  a  technical 
>k  in  any  sense  of  the  word,  just  a  coUectlon  of  practical  facts  in  simple  language 
the  every-day  motorist.    Convenient  pocket  size.    Price 91 -Sob 

^MOBILE    WELDING   WITH  THE  OXY-ACETYLENE  FLAME.]    By 
Keith  Dunham. 

plains  in  a  simple  manner  apparatus  to  be  used,  its  care,  and  how  to  construct 
»»ary  abop  equipment.    Proceeds  then  to  the  actual  wdding  of  all  automobile 
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parts,  In  a  manner  understandable  by  every  one.  Gives  principles  never  to  be  for- 
gotten. This  book  is  of  utmost  value,  since  the  perplexing  problems  arising  when 
metal  is  heated  to  a  melting  point  are  fully  explained  and  the  proper  methods  to 
overcome  them  shown.     167  pages.    Fully  illustrated.    Price $1.50 

MOTORCYCLES  AND  SIDE  CARS,  THEIR  CONSTRUCTION,  MANAGE- 
MENT AND  REPAIR,    By  Victor  W.  Pag6,  M.E. 

The  only  complete  work  published  for  the  motorcyclist  and  repairman.  Describes 
fully  all  leading  types  of  machines,  their  design,  construction,  maintenance,  operation 
and  repair.  This  treatise  outlines  fullv  the  operation  of  two-  and  four-cycle  power 
plants  and  all  ignition,  carburetion  and  lubrication  systems  in  detail.  Describes  all 
representative  types  of  free  engine  clutches,  variable  speed  gears  and  power  trans- 
mission systems.  Gives  complete  instructions  for  operating  and  repairing  all  types. 
Considers  fully  electric  self-starting  and  lighting  systems,  all  types  of  spring  frames 
and  spring  forks  and  shows  leading  control  methods.  For  those  desiring  technical 
information  a  complete  series  of  tables  and  many  formulse  to  assist  in  designing  are 
included.  The  work  tells  how  to  figure  power  needed  to  climb  grades,  overcome  air 
resistance  and  attain  high  speeds.  It  snows  how  to  select  gear  ratios  for  various 
weights  and  powers,  how  to  figure  braking  efficiency  required,  gives  sizes  of  belts  and 
chams  to  transmit  power  safely,  and  shows  how  to  design  sprockets,  b^t  pulleys,  etc 
This  work  also  includes  complete  formulae  for  figuring  horse-power,  shows  how  dyna- 
mometer tests  are  made,  defines  relative  efficiency  of  air-  and  water-cooled  engines,  plain 
and  anti-fdction  bearings  and  many  other  data  of  a  practical,  helpful,  engineering 
nature.  Remember  that  you  get  this  information  in  addition  to  the  practical  de* 
scription  and  instructions  which  alone  are  worth  several  times  the  price  of  the  booic. 
600  pages.  400  specially  made  illustrations,  4  folding  plates.    Cloth.    Price    .       98.00 

WHAT  IS  SAID  OP  THIS  BOOK: 

••  Here  is  a  book  that  should  be  in  the  cycle  repairer's  kit." — American  Bi€u:ksmith. 
*•  The  best  way  for  any  rider  to  thoroughly  understand  his  machine,  is  to  get  a  copy 
of  this  book;  it  is  worth  many  times  its  price." — Pacific  Motorcyclist, 

AUTOMOBILE,  AVIATION  AND  MOTORCYCLE  CHARTS 

AVIATION  CHART— LOCATION  OF  AIRPLANE  POWER  PLANT  TROUBLES 
MADE  EASY.    By  Major  Victor  W.  Pag6,  A.S.,  S.C.U.S.R. 

A  large  chart  outlining  all  parts  of  a  typical  airplane  power  plant,  showing  the  pointi 
where  trouble  is  apt  to  occur  and  suggesting  remedies  for  the  common  defects.  In- 
tended especially  for  aviators  and  aviation  mechanics  on  sdiool  and  field  duty. 
Price 86  eento 

CHART.    GASOLINE  ENGINE  TROUBLES  MADE  EASY— A  CHART  SHOW- 
ING SECTIONAL  VIEW  OF  GASOLINE  ENGINE.    Compiled  by  Viciob  I 
W.  Pag6,  M.E.  ^  - 

It  shows  clearly  all  parts  of  a  typical  four-cylinder  gasoline  engine  of  the  four-cyds 

type.     It  outlines  distinctly  all  parts  liable  to  give  troutile  and  also  details  the  de* 

rangements  apt  to  interfere  with  smooth  engine  operation. 

Valuable  to  students,  motorists,  mechanics,  repairmen,  garagemen,  automobile  sal» 

men,  chauffeurs,  motorboat  owners,  motor-truck  and  tractor  drivers,  aviators,  mouv* 

cyclists,  and  all  others  who  have  to  do  with  gasoline  power  plants. 

It  simplifies  location  of  all  engine  troubles,  and  while  it  will  prove  invaluable  to  tin 

novice,  it  can  be  used  to  advantage  by  the  more  expert.     It  should  be  on  the  walls  d 

every  public  and  private  garage,  automobile  repair  shop,  club  house  or  school.     It  ctt 

be  carried  in  the  automobile  or  pocket  with  ease,  and  will  insure  i^ainst  loss  of  tiflU 

when  engine  trouble  manifests  itself. 

This  sectional  view  of  engine  is  a  complete  review  of  all  motor  troubles.     It  is  prepared 

by  a  practical  motorist  for  all  who  motor.     More  information  for  the  ncioney  tniui  ertf 

before  offered.    No  details  omitted.     Size  25x38  inches.     Securely  mailed  on  receipt 

^ 86  ce«tt 
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:HART.    location  of  ford  engine  troubles  made  easy.    Com- 
piled by  Victor  W.  Pag6,  M.E. 

This  shows  clear  sectional  views  depicting  all  portions  of  the  Ford  power  plant  and 
atixHiary  groups.  It  outlines  clearly  all  parts  of  the  engine,  fuel  supply  system,  Igni" 
tion  group  and  cooling  system,  that  are  apt  to  give  trouble,  detailing  all  derangements 
that  are  liable  to  make  an  engine  lose  power,  start  hard  or  work  irr^ularly.  This 
chart  is  valuable  to  students,  owners,  and  drivers,  as  it  simplifies  location  of  sul  engine 
faults.  Of  great  advantage  as  an  instructor  for  the  novice,  it  can  be  used  equally  well 
by  the  more  expert  as  a  work  of  reference  and  review.  It  can  be  carried  in  the  tool- 
box or  pocket  with  ease  and  will  save  its  cost  in  labor  eliminated  the  first  time  enfi^e 
trouble  manifests  itself.  Prepared  with  special  reference  to  the  average  man's  needs 
and  is  a  practical  review  of  all  motor  troubles  because  it  is  based  on  the  actual  ex- 
perience of  an  automobile  engineer-mechanic  with  the  mechanism  the  chart  describes. 
It  enables  the  non-technical  owner  or  operator  of  a  Ford  car  to  locate  engine  de- 
rangements by  systematic  search,  guided  by  easily  recognized  symptoms  instead  of  by 
guesswork.  It  makes  the  average  owner  independent  of  the  roadside  repair  shop 
when  touring.  Must  be  seen  to  be  appreciated.  Size  25x38  inches.  Ftinted  on 
heavy  bond  paper.   Price 85  cents 

SART.    lubrication  of  the  motor  car  chassis.     Compiled  by 
Victor  W.  Pag6,  M.E. 

This  chart  presents  the  plan  view  of  a  typici^  six-cylinder  chassis  of  standard  design 
and  all  parts  are  clearly  indicated  that  demand  oil,  aJso  the  frequency  with  which  they 
must  be  lubricated  and  the  kind  of  oil  to  use.  A  practical  chart  for  all  interested  in 
motor-car  maintenance.     Size  24x38  inches.     Price 85  centa 

:HART.    location  of  CARBURETION  troubles  made  easy.   Com- 
piled  by  Victor  W.  Pag6,  M.E. 

This  chart  shows  all  parts  of  a  typical  pressure  feed  fu^  supply  system  and  gives 
causes  of  trouble,  how  to  locate  defects  and  means  of  remedying  them.  Size  24x38 
inches.    Price 85  cents 

:hart.  location  of  ignition  system  troubles  made  easy. 

Compiled  by  Victor  W.  Pag£,  M.E. 

In  this  diagram  all  parts  of  a  typical  double  ignition  system  using  battery  and  magneto 
current  are  shown,  and  suggestions  are  given  for  readily  finding  ignition  troubles  and 
dhninating  them  when  found.     Size  24x38  inches.     Price 85  cents 

chart,  location  of  cooling  and  lubrication  system  faults. 

Compiled  by  Victor  W.  Pag£,  M.E. 

This  composite  diagram  shows  a  typical  automobile  power  plant  using  pmnp  circulated 
water-cooling  system  and  the  most  popular  lubrication  method.  Gives  suggestions 
for  curing  all  overheating  and  loss  of  power  faults  due  to  faulty  action  of  the  oiling 
or  cooling  group.     Size  24x38  inches.    Price 35  cents 

CHART.     LOCATION  OF  STARTING  AND  LIGHTING  SYSTEM  FAULTS. 

The  most  complete  chart  vet  devised,  showing  all  parts  of  the  modem  automobile 
starting,  lighthig  and  ignition  systems,  giving  instructions  for  systematic  location  of 
an  faults  in  wiring,  lamps,  motor  or  generator,  switches  and  all  other  unite.  Invalu- 
able to  motorists,  chaufFeurs  and  repairmen.     Size  24x38  inches.     Price     .     85  cents 

CHART.     MOTORCYCLE  TROUBLES  MADE  EASY.    Compfled  by  Victor 
W.  Pag£,  M.E. 

A  chart  showing  sectional  view  of  a  single-cylinder  gasoline  engine.  This  chart 
fltmpUfies  location  of  all  power-plant  troubles.  A  single-cyUnder  motor  is  shown  for 
fltmplicity.  It  outlines  distinctly  all  parts  liable  to  give  trouble  and  also  details  the 
deraiigements  apt  to  interfere  with  smooth  engine  operation.  This  chart  will  prove 
of  value  to  all  who  have  to  do  with  the  operation,  repair  or  sale  of  motororcleff.  No 
details  omitted.    Size  30x20  inches.    Price 86  eenti 
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AVIATION 

A  B  C  OF  AVIATION.    By  Major  Victor  W.  Pag^. 

This  book  describes  the  basic  principles  of  aviation,  tells  how  a  balloon  or  dirigible 
is  made  and  why  it  floats  in  the  air.  Describes  how  an  airplane  flies.  It  shows  in 
detail  the  different  parts  of  an  airplane,  what  they  are  and  wnat  they  do.  Describes 
aU  types  of  airplanes  and  how  they  differ  in  construction;  as  well  as  detailing  the 
advantages  and  disadvantages  of  different  types  of  aircraft.  It  includes  a  complete 
dictionary  of  aviation  terms  and  clear  drawings  of  leading  aiiplanes.  The  reader 
will  find  simple  instructions  for  impacking,  setting  up.  and  rigging  airplanes.  A 
full  description  of  airplane  control  principles  is  given  and  methods  of  flying  are  dis- 
cussed at  length. 

This  book  answers  every  question  one  can  ask  about  modem  aircraffc,  thdr  con- 
struction  and  operation.     A  self-educator  on  aviatioz 
130  specially  made  illustrations  with  7  plates.     Price 


struction  and  operation.     A  self-educator  on  aviation  without  an  equaL    275  pages.    I 


AVIATION  ENGINES— DESIGN;  CONSTRUCTION;  REPAHL  By  Major 
Victor  W.  Pag6,  A.S.,  S.C.U.S.R. 

This  treatise,  written  by  a  recognized  authority  on  all  of  the  practical  aspects  of 
internal  combustion  engine  construction,  maintenance,  and  repsur,  fills  the  need  as 
no  other  book  does.  The  matter  is  logically  arranged;  all  descriptive  matter  is 
simply  expressed  and  copiously  illustrated,  so  that  anyone  can  understand  airplane 
engine  operation  and  repair  even  if  without  previous  mechanical  training.  This 
work  is  invaluable  for  anyone  desiring  to  become  an  aviator  or  aviation  mechanic. 
The  latest  rotary  types,  such  as  the  Gnome  Monosoupape,  and  LeRhone.  are  ftilly 
explained,  as  well  as  the  recently  developed  Yee  and  radial  types.  The  subjects 
of  carburetion,  ignition,  cooling,  and  lubrication  also  are  covered  in  a  thorough  manner. 
The  chapters  on  repair  and  maintenance  are  distinctive  and  found  in  no  other  book 
on  this  subject.  Not  a  technical  book,  but  a  practical,  easily  understood  work  (Ji 
reference  for  all  interested  in  aeronautical  science.  576  pages.  253  illustrations. 
Price,  net $8XX) 

GLOSSARY  OF  AVIATION  TERMS  — ENGLISH-FRENCH;  FRENCH- 
ENGLISH.  By  Major  Victor  W.  Pag6,  A.S.,  S.C.U.S.R.,  and  Libi». 
Paul  Montariol,  of  the  French  Flying  Corps. 

A  complete  glossary  of  practically  all  terms  used  in  aviation,  having  lists  in  both 
French  and  English  with  equivalents  in  either  language.        Price,  net  .     .     $1X0 

AVIATION  CHART— LOCATION  OF  AIRPLANE  POWER  PLANT  TROUBLES 
MADE  EASY.    By  Major  Victor  W.  Pag6,  A.S.,  S.C.U.S.R. 

A  large  chart  outlining  all  parts  of  a  typical  airplane  power  plant,  showing  the  pdnti 
where  trouble  is  apt  to  occur  and  suggesting  remedies  for  the  common  defects,  hh 
tended  especially  for  aviators  and  aviation  mechanics  on  school  and  field  du^. 
Price 85  etmk 

BRAZING  AND  SOLDERING 

BRAZING  AND  SOLDERING.    By  James  F.  Hobart. 

The  onlv  book  that  shows  you  just  how  to  handle  any  job  of  brazing  or  solderinc  tM 
comes  along :  it  teUs  you  what  mixture  to  use,  how  to  xnake  a  furnace  if  you  neea  €Mk ' 
Full  of  valuable  kinks.     The  fifth  edition  of  this  book  has  just  been  published,  wd  1)  • 
it  much  new  matter  and  a  large  niunber  of  tested  formula  for  all  kinds  of  soidsn  aal 
fluxes  have  been  added.    Illustrated 86 
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CHARTS 

AVIATION  CHART— LOCATION  OF  AIRPLANE  POWER  PLANT  TROUBLES 

MADE  EASY.    By  Major  Victor  W.  Pag6,  A.S.,  S.C.U.S.R. 

A  large  chart  outlining  all  parts  of  a  typical  airplane  power  plant,  showing  the  points 
where  trouble  is  apt  to  occur  and  suggesting  remedies  for  the  common  defects. 
Intended  especially  for  aviators  and  aviation  mechanics  on  school  and  field  duty. 
Price 85  cents 

CASOLINE  ENGINE  TROUBLES  MADE  EASY— A  CHART  SHOWING  SEC- 
TIONAL VIEW  OF  GASOLINE  ENGINE.    Compiled  by  Victor  W.  Pag6. 

It  shows  dearly  all  parts  of  a  typical  four-cyUnder  gasoline  engine  of  the  four-cycle 
type.  It  outlines  distinctly  all  parts  liable  to  give  trouble  and  also  details  the  de- 
rangements apt  to  interfere  with  smooth  engine  operation. 

Valuable  to  students,  motorists,  mechanics,  repairmen,  garagemen,  automobile  sales- 
men, chauffeurs,  motor-boat  owners,  motor-truck  and  tractor  drivers,  aviators,  motor- 
cyclists, and  all  others  who  have  to  do  with  gasoline  power  plants. 
It  simplifies  location  of  all  engine  troubles,  and  while  it  will  prove  invaluable  to  the 
novice,  it  can  be  used  to  advantage  by  the  more  expert.  It  should  be  on  the  walls  of 
ev^y  public  and  private  garage,  automobile  repair  shop,  club  house  or  school  It  can 
be  carried  in  the  automobile  or  pocket  with  ease  and  will  insure  against  loss  of  time 
when  engine  trouble  manifests  itself. 

This  sectional  view  of  engine  is  a  complete  review  of  all  motor  troubles.  It  is  pre- 
tMured  by  a  practical  motorist  for  all  who  motor.  No  details  omitted.  Size  25x38 
mches 85  cents 

LUBRICATION  OF  THE  MOTOR  CAR  CHASSIS. 

This  chart  presents  the  plan  view  of  a  typical  six-cylinder  chassis  of  standard  design 
and  all  parts  are  clearly  indicated  that  demand  oil,  also  the  frequency  with  which  they 
must  be  lubricated  and  the  kind  of  oil  to  use.  A  practical  chart  for  all  interested  in 
motor-car  maintenance.     Size  24x38  inches.     Price 85  cents 

LOCATION  OF  CARBURETION  TROUBLES  MADE  EASY. 

This  chart  shows  all  parts  of  a  typical  pressure  feed  fuel  supply  system  and  gives 
causes  of  trouble,  how  to  locate  defects  and  means  of  remedying  them.  Size  24x38 
inches.    Price 85  cents 

LOCATION  OF  IGNITION  SYSTEM  TROUBLES  MADE  EASY. 

In  this  chart  all  parts  of  a  typical  double  ignition  system  using  battery  and  magneto 
current  are  shown  and  suggestions  are  given  for  readily  finding  ignition  troubles  and 
^liminiLtiTig  them  when  foimd.     Size  24x38  inches.     Price 85  cents 

LOCATION  OF  COOLING  AND  LUBRICATION  SYSTEM  FAULTS. 

This  composite  chart  shows  a  typical  automobile  power  plant  using  pump  circulated 
water^<xx>ling  system  and  the  most  popular  lubrication  method.  Gives  suggestions 
tor  curing  all  overheating  and  loss  of  power  faults  due  to  faulty  action  of  the  oiling  or 
cooling  group.     Size  24x38  inches.    Price 85  cents 

LOCATION   OF   STARTING  AND   LIGHTING    SYSTEM    FAULTS. 

The  most  complete  chart  yet  devised,  showing;  all  parts  of  the  modem  automobile 
starting,  lighting  and  ignit\on  systems,  giving  mstructions  for  systematic  location  of 
all  faults  in  wiring,  lamps,  r  lotor  or  generator,  switches  and  all  other  units.  Invaluable 
to  motorists,  chaufFeurs  and  repairmen.     Size  24x38  inches.     Price     .     .    85  cents 

MOTORCYCLE    TROUBLES    MADE  EASY— A   CHART    SHOWING   SEC- 

TIONAL  VIEW  OF  SINGLE-CYLINDER  GASOLINE  ENGINE.    Compiled 

by  Victor  W.  Pag6. 

This  chart  simplifies  location  of  all  power-plant  troubles,  and  will  prove  invaluable  to 
aU  who  have  to  do  with  the  operation,  repair  or  sale  of  motorcycles.  No  details 
omitted.    Size  25x38  inches.    Price •     •     •     •    86 
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LOCATION  OF  FORD  ENGINE  TROUBLES  MADE  EASY.    Compiled  by 
Victor  W.  Pag6,  M.E. 

This  shows  clear  sectional  views  depicting  all  portions  of  the  Ford  power  plant  and 
aiudliary  groups.     It  outlines  clearly  all  parts  of  the  engine,  fuel  supply  system, 
ignition  group  and  cooling  system,  that  are  apt  to  give  trouble     etailing  all  derange- 
ments that  are  lia  ble  to  make  an  engine  lose  power,  start  hard  or  work  irregularly.  This 
chart  is  valuable  to  students,  owners,  and  drivers,  as  it  simplifies  location  of  all  engine 
faults.     Of  great  advantage  as  an  instructor  for  the  novice,  it  can  be  used  equally  well 
by  the  more  expert  as  a  work  of  reference  and  review.     It  can  be  carried  In  the  tool- 
box or  pocket  with  ease  and  will  save  its  cost  in  labor  eliminated  the  first  time  en^e 
trouble  manifests  itself.    Prepared  with  special  reference  to  the  avecage  mar's  needs 
and  is  a  practical  review  of  all  motor  troubles  because  it  is  based  on  tlie  acvual  ex- 
perience of  an  automobile  engineer-mechanic  with  the  mechanism  the  chart  desoibes. 
It  enables  the  non-technical  owner  or  operator  of  a  Ford  car  to  locate  engine  de- 
rangements by  systematic  search,  guided  by  easily  recognized  symptoms  Instead  of  by 
guesswork.     It  makes  the  average  owner  independent  of  the  roadside  repair  shop 
when  touring.     Must  be  seen  to  be  appreciated.     Size  25x38  inches.    Printed  on  heavy 
bond  paper.    Price 85  ceoti 

MODERN  SUBMARINE  CHART  — WITH  200  PARTS  NUMBERED  AND 
NAMED. 

A  cross-section  view,  showing  clearly  and  distinctly  all  the  interior  of  a  Submarine  of 
the  latest  type.  You  get  more  information  from  this  chart,  about  the  construction  and 
operation  of  a  Submarine,  than  in  any  other  way.  No  details  omitted — evarytiilM 
is  accurate  and  to  scale.  It  is  absolutely  correct  in  every  detail,  having  been  approvea 
by  Naval  Engineers.  All  the  machinery  and  devices  fitted  in  a  modem  Submarine 
Boat  are  shown,  and  to  make  the  engraving  more  readily  understood,  all  the  features 
are  shown  iu  operative  form,  with  Officers  and  Men  in  the  act  of  performing  the  duties 
assigned  to  them  in  service  conditions.  This  CHART  IS  REMiLY  AN  ENCYCLO- 
PEDIA OF  A  SUBMARINE 25  cents 

BOX  CAR  CHART. 

A  chart  showing  the  anatomy  of  a  boxcar,  ^  iving  every  part  of  the  car  numbered  and 
its  proper  name  given  in  a  reference  list 25  cents 

GONDOLA  CAR  CHART. 

A  chart  showing  the  anatomy  of  a  gondola  car,  having  every  part  of  the  car  numbered 
and  its  proper  reference  name  given  in  a  refereUve  Ust 25  cents 

PASSENGER-CAR  CHART. 

A  chart  showing  the  anatomy  of  a  passenger-car,  having  every  part  of  the  car  numbered 
and  its  proper  name  given  In  a  reference  list 25  cents 

6TEEL  HOPPER  BOTTOM  COAL  CAR. 

A  chart  showing  the  anatomy  of  a  steel  Hopper  Bottom  Coal  Car,  having  evpry  part 
of  the  car  numbered  and  its  proper  name  given  in  a  reference  list 26  cents 

TRACTIVE  POWER  CHART. 

A  chart  whereby  you  can  find  the  tractive  power  or' drawbar  pull  of  any  locomotifS 
witliout  making  a  figure.  Shows  what  cylinders  are  equal,  how  driving  wheels  and 
steam  pressure  affect  the  power.  What  sized  engine  you  need  to  exert  a  given  drawbtf 
pull  or  anything  you  desire  in  this  line 50  Mali 

HORSE-POWER  CHART 

Shows  the  horse-power  of  any  stationary  engine  without  calculation.     No  matter 
the  cylinder  diameter  of  stroke,  the  steam  pressure  of  cut-off,  the  revoiutioiit,^ 
whether  condensing  or  non-condensing,  it's  all  there.    Easy  to  use,  accurate,  MM, 
saves  time  and  calculations.    Especially  useful  to  engineers  and  designers.     50  ctsli 
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BOILER  ROOM  CHART.    By  Geo.  L.  Fowler. 

A  chart — size  14x28  inches — showing  in  isometric  perspective  the  mechanisms  be- 
longing in  a  modem  boiler  room.  The  various  parts  are  shown  broken  or  removed* 
so  that  the  internal  construction  is  fully  illustrated.  Each  part  is  given  a  reference 
number,  and  these,  with  the  corresponding  name,  are  given  in  a  glossary  printed  at 
•the  sides.  This  chart  is  really  a  dictionary  of  the  boiler  room — the  names  of  more  thiui 
200  parts  being  given 25  cents 

COKE 

COKE— MODERN    COKING    PRACTICE,    mCLUDING    ANALYSIS    OB 

MATERIALS  AND  PRODUCTS.    By  J.  E.  Christopher  and  T.  H.  Byrom. 

This,  the  standard  work  on  the  subject,  has  just  been  revised  and  is  now  issued  in 
two  volumes.  It  is  a  practical  work  for  those  engaged  in  Coke  manufacture  and 
the  recovery  of  By-products.  Fully  illustrated  with  folding  plates.  It  has  been 
the  aim  of  the  authors,  in  preparing  this  book,  to  produce  one  which  shall  be  of  use 
and  benefit  to  those  who  are  associated  with,  or  interested  in.  the  modem  develop- 
ments of  the  industry.  Among  the  chapters  contained  in  Volume  I  are:  Introduc- 
tion. Classification  of  Fuels.  Impurities  of  Coals.  Coal  Washing.  Sampling 
and  Valuation  of  Coals,  etc.  Chlorific  Power  of  Fuels.  History  of  Coke  Manu- 
facture. Developments  in  Coke  Oven  Design;  Recent  Tjrpes  of  Coke  Ovens. 
Mechanical  Appliances  at  Coke  Ovens.  Chemical  and  Physical  Examination  of 
Coke.  Volmne  II  covers  By-products.  Each  volume  is  fully  illustrated,  with 
folding  plates.    Price,  per  volume S8.()0 

COMPRESSED  AIR 

COMPRESSED  AIR  IN  ALL  ITS  APPLICATIONS.    By  Gardner  D.  Hiscox. 

This  is  the  most  complete  book  on  the  subject  of  Air  that  has  ever  been  issued,  and  its 
thirty-five  chapters  include  about  every  phase  of  the  subject  one  can  think  of.  It  may 
be  called  an  encyclopedia  of  compressed  air.  It  is  written  by  an  expert,  who,  in  its 
665  pages,  has  dealt  with  the  subject  in  a  comprehensive  manner,  no  phase  of  it  being 
omitted.  Includes  the  physical  prop  erties  of  air  from  a  vacuimi  to  its  highest  pressure, 
its  thermodsmamics.  compression,  transmission  and  uses  as  a  motive  power,  in  the 
Operation  of  Stationary  and  Portable  Machinery,  in  Mining,  Air  Tools,  Air  Lifts, 
Pumping  of  Water,  Acids,  and  Oils;  the  Air  Blast  for  Cleaning  and  Painting,  the 
Sand  Blast  and  its  Work,  and  the  Nimierous  Appliances  in  which  Compressed  Air  is 
a  Most  Convenient  and  Economical  Transmitter  of  Power  for  Mechanical  Work, 
Railway  Propulsion,  Refrigeration,  and  the  Various  Uses  to  which  Compressed  Air 
has  been  applied.  Includes  forty-four  tables  of  the  physical  properties  of  air,  its 
compression,  expansion,  and  volumes  required  for  various  kinds  of  work,  and  a  list 
of  patents  on  compressed  air  from  1875  to  date.  Over  500  illustrations,  5th  Edition, 
revised  and  enlarged.    Cloth  bound.     Price 96.00 

CONCRETE 

JUST   PUBLISHED— CONCRETE  WORKERS*  REFERENCE  BOOKS.     A 

SERIES    OF    POPULAR    HANDBOOKS    FOR    CONCRETE    USERS. 

Prepared  by  A.  A.  Houghton Each  60  cent» 

The  author,  in  preparing  (his  Series,  has  not  only  treated  on  the  usual  types  of  construction, 
but  explains  and  illustrates  molds  and  systems  that  are  not  patented,  out  which  are  equal 
in  value  and  often  superior  to  those  restricted  by  patents.  These  molds  are  very  easily  and 
cheaply  constructed  and  embody  simplicity,  rapidity  of  operation,  and  the  most  successful 
results  in  the  molded  concrete.  Each  of  these  Twelve  books  is  fully  illustrated,  and  the 
subjects  are  exhaustively  treated  in  plain  English. 

CONCRETE  WALL  FORMS.    By  A.  A.  Houghton. 

A  new  automatic  wall  clamp  Is  illustrated  with  working  drawings.    Other  tsrpes  of 

wall  forms,  clamps,  separators,  etc.,  are  also  illustrated  and  explained. 

(No.  1  of  Series) 75  cents 
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CONCRETE  FLOORS  AND  SIDEWALKS.    By  A.  A.  Houghton. 

The  molds  for  molding  squares,  hexagonal  and  many  other  styles  of  mosaic  flogr  and 
sidewalk  blocks  are  fufly  illustrated  and  explained.     (No.  2  of  Series)     .     .     75  cents 

PRACTICAL  CONCRETE  SILO  CONSTRUCTION.    By  A.  A.  Houghton. 

Complete  working  drawings  and  specifications  are  given  for  several  styles  of  concrete 
silos,  with  illustrations  of  molds  for  monolithic  and  block  silos.  The  tables,  data,  and 
information  presented  in  this  book  are  of  the  utmost  value jin  planning  and  constnicting 
all  forms  of  concrete  silos.     (No.  3  of  Series) 75  centi 

MOLDING  CONCRETE  CHIMNEYS,  SLATE  AND  ROOF  TILES.    By  A.  A 

Houghton. 

The  manufacture  of  a'l  types  of  concrete  slate  and  roof  tile  is  fully  treated.  Valuable 
data  on  all  forms  of  reinforced  concrete  roofs  are  contained  within  its  pages.  The 
construction  of  concrete  chimneys  by  block  and  monolithic  systems  is  full^  illustrated 
and  described.  A  number  of  ornamental  designs  of  chimney  construction  with  molds 
are  shown  in  this  valuable  treatise.     (No.  4  or  Series.)   ^ 75  eenti 

MOLDING  AND  CURING  ORNAMENTAL  CONCRETE.    By  A.  A.  Houghton. 

The  proper  proportions  of  cement  and  aggregates  for  various  finishes,  also  the  method 
of  thoroughly  mixing  and  placing  in  the  molds,  are  fully  treated.  An  exhaustive 
treatise  on  this  subject  that  every  concrete  worker  will  find  of  daily  use  and  value. 
(No.  6  of  Series.) 75  ceoti 

CONCRETE  MONUMENTS,  MAUSOLEUMS  AND  BURIAL  VAULTS.    By 

A.  A.  Houghton. 

The  molding  of  concrete  monimients  to  imitate  the  most  expensive  cut  stone  is  ex- 
plained in  this  treatise,  with  working  drawings  of  easily  bmlt  molds.  Cutting  In- 
scriptions and  designs  are  also  fully  treated.     (No.  6  of  Series.)        ...     75  cento 

MOLDING  CONCRETE  BATHTUBS,  AQUARIUMS  AND  NATATORIUMS. 

By  A.  A.  Houghton. 

Simple  molds  and  instruction  are  given  for  molding  many  styles  of  concrete  bathtubs, 
swimming-pools,  etc.  These  molds  are  easily  buut  and  permit  rapid  and  suocessAu 
work.     (No.  7  of  Series.) 75  eenti 

CONCRETE  BRIDGES,  CULVERTS  AND  SEWERS.    By  A.  A.  Houghton. 

A  mmiber  of  ornamental  concrete  bridges  with  illustrations  of  molds  are  given.  A 
coUapsibie  center  or  core  for  bridges,  culverts  and  sewers  is  fully  illustrated  with  de- 
tailed instructions  for  building.     (No.  8  of  Series.) 75  eentf 

CONSTRUCTING  CONCRETE  PORCHES.    By  A.  A.  Houghton. 

A  number  of  designs  with  working  drawings  of  molds  are  fully  explained  so  any  one 
can  easily  construct  different  styles  of  ornamental  concrete  porches  without  the  pur* 
chase  of  expensive  molds.     (No.  9  of  Series.) 76  cento 

MOLDING    CONCRETE   FLOWER-POTS,   BOXES,   JARDINIERES,  ETC. 

By  A.  A.  Houghton. 

The  molds  for  producing  many  original  designs  of  fiower-pots,  urns,  flower-boxei. 
jardinieres,  etc.,  are  fully  illustrated  and  explained,  so  the  worker  can  estsily  constntft 
and  operate  same.     (No.  10  of  Series.) 76  cento 

MOLDING  CONCRETE  FOUNTAINS  AND  LAWN  ORNAMENTS.    By  A 

A.  Houghton. 

The  molding  of  a  mmiber  of  designs  of  lawn  seats,  curbing,  hitching  posts,  pergolas,  M 
dials  and  other  forms  of  ornamental  concrete  for  the  ornamentation  of  lawns  and  tM> , 
dens,  is  fully  illustrated  and  described.     (No.  11  of  Series) 75  eewl 

CONCRETE  FROM  SAND  MOLDS.    By  A.  A.  Houghton. 

A  Practical  Work  treating  on  a  process  which  has  heretofore  been  held  as  a  trade  iocnlj 
by  the  few  who  possessed  it,  and  which  will  successfully  mold  evenr  and  &i^,<°*!f  Sj 
ornamental  concrete  work.    The  process  of  molding  concrete  with  sand  moias  iiwj 
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•  Utmost  practical  value,  possessing  the  manifold  advantages  of  a  low  cost  of  molds, 
I  ease  and  rapidity  of  operation,  perfect  details  to  all  ornamental  designs,  density 
1  increased  strength  of  the  concrete,  perfect  curing  of  the  work  without  attention 
1  the  easy  removal  of  the  molds  regardless  of  any  imdercutting  the  design  may  have. 
:  pages.    Fully  illustrated.    Price -. $2.00 

IMENTAL   CONCRETE   WITHOUT   MOLDS.    By  A.  A.  Houghton. 

e  process  for  making  ornamental  concrete  without  molds  has  long  been  held  as  a 
ret,  and  now,  for  the  first  time,  this  process  is  given  to  the  public.  The  book 
eaJs  the  secret  and  is  the  only  book  published  which  explains  a  simple,  practical 
thod  whereby  the  concrete  worker  is  enabled,  by  employing  wood  and  metal  tem- 
tes  of  different  designs,  to  mold  or  model  in  concrete  any  Cornice,  Archivolt, 
lunm.  Pedestal,  Base  Cap.  Urn  or  Pier  in  a  monolithic  form — right  upon  the  Job. 
ese  may  be  molded  in  units  or  blocks,  and  then  built  up  to  suit  the  spedflcations 
nanded.    This  work  is  fully  illustrated,  with  detailed  engravings.    Price  .     $2.00 

:RETE   for   the   farm   and    in   the   shop.     By   H.   Colin 

^mpbell,  c.e.,  e.m. 

loncrete  for  the  Farm  and  in  the' Shop"  is  a  new  book  from  cover  to  cover,  illustrat- 
;  and  describing  in  plain,  simple  language  many  of  the  numerous  applications  of 
acrete  within  the  range  of  the  home  worker.    Among  the  subjects  treated  are: 

Indples  of  reinforcing ;  methods  of  protecting  concrete  so  as  to  insure  proper  harden- 
;;  home-made  mixers;  mixing  by  hand  and  machine;  form  construction,  described 
d  illustrated  by  drawings  and  photographs;  construction  of  concrete  walls  and 
ices;  concrete  fence  posts;  concrete  gate  posts:  comer  posts;  clothes  line  posts; 
ipe  arbor  posts;  tanks;  troughs;  cisterns;  hog  wallows;  feeding  fioors  and  bsum- 
rd  pavements ;  foimdations ;  well  curbs  and  platforms;  indoor  fioors ;  sidewalks ;  steps ; 
Qcrete  hotbeds  and  cold  frames ;  concrete  slab  roofis ;  walls  for  biiildings ;  repsdrmg 
iks  in  tanks  and  cisterns;  and  all  topics  associated  with  these  subjects  as  bearing 
on  securing  the  best  results  ^om  concrete  are  dwelt  upon  at  sufiQdent  length  in  plain 
ery-day  English  so  that  the  inexperienced  person  desiring  to  undertake  a  piece  of 
acrete  construction  can,  by  following  the  directions  set  forth  in  this  book,  secure  lOt 
r  cent  success  every  time.  A  number  of  convenient  and  practical  tables  for  estinaating 
antities,  and  some  practical  examples,  are  also  given.  (5x7).  149  pages.  51  il- 
itrations.    Price $1.00 

7LAR  HANDBOOK  FOR  CEMENT  AND  CONCRETE  USERS.  By 

rRON  H.  Lewis. 

is  is  a  concise  treatise  of  the  principles  and  methods  employed  in  the  manufacture 
1  use  of  cement  in  all  classes  of  modem  works.  The  author  has  brought  tc^ethei 
this  work  all  the  salient  matter  of  interest  to  the  user  of  concrete  and  its  many 
'ersified  products.  The  matter  is  presented  in  logical  and  systematic  order,  clearly 
Itten,  fully  illustrated  and  free  from  involved  mathematics.  Everything  of  value  to 
)  concrete  user  is  given,  including  kinds  of  cement  employed  in  construction,  concrete 
iiitecture,  inspection  and  testing,  waterproofing,  coloring  and  painting,  rules,  tables, 
rking  and  cost  data.     The  book  comprises  thirty-three  chapters,  as  follows: 

Toductory.  Kinds  of  Cements  and  How  They  are  Made.  Properties.  Testing 
1  Requirements  of  Hydraulic  Cement.  Concrete  and  its  Properties.  Sand,  Broken 
me  and  Gravel  for  Concrete.  How  to  Proportion  the  Materials.  How  to  Mix 
1  Place  Concrete.  Forms  of  Concrete  Construction.  The  Architectural  and  Artistic 
ssibliities  of  Concrete.  Concrete  Residences.  Mortars.  Plasters  and  Stucco,  and 
m  to  Use  them.  The  Artistic  Treatment  of  Concrete  Surfaces.  Concrete  Building 
xjks.  The  Making  of  Ornamental  Concrete.  Concrete  Pipes,  Fences,  Posts,  etc. 
sential  Features  and  Advantages  of  Reenforced  Concrete.  How  to  Design  Reen^ 
ced  Concrete  Beams,  Slabs  and  Columns.  Explanations  of  the  Methods  and 
nciples  in  Designing  Reenforced  Concrete  Beams  and  Slabs.  Systems  of  Reen- 
cement  Employed.  Reenforced  Concrete  in  Factory  and  General  Building  Con- 
nctfon.  Concrete  in  Foundation  Work.  Concrete  Retaining  Walls,  Abutments 
i  Bulkheads.  Concrete  Arches  and  Arch  Bridges.  Concrete  Beam  and  Girder 
Idges.  Concrete  in  Sewerage  and  Drainage  Worics.  Concrete  Tanks,  Dams  and 
servoirs.  Concrete  Sidewalks,  Curbs  and  Pavements.  Concrete  in  Railroad  Con- 
uctions.  The  Utility  of  Concrete  on  the  Farm.  The  Waterproofing  of  Concrete 
mcture.  Grout  of  Liquid  Concrete  and  Its  Use.  Inspection  of  Concrete  Work.  Cost 
Concrete  Work.  Some  of  the  special  features  of  the  book  are:  1.  The  Attention 
Id  to  the  Artistic  and  Architectural  Side  of  Concrete  Work.    2.  The  Authoritatiye 
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Treatment  of  the  Problem  of  Waterproofing  Concrete.  3.  An  Excellent  Summary  of 
the  Rules  to  be  Followed  in  Ooncrete  Construction.  4.  The  Valuable  Cost  Data  and 
Useful  Tables  given.  A  valuable  Addition  to  the  Library  of  Every  Cement  and 
Concrete  User.    Price $8.00 

WHAT   IS   SAID   OP   THIS   BOOK: 

"The  field  of  Concrete  Construction  is  well  covered  and  the  matter  contained  is  well 
within  the  understanding  of  any  person." — Engineering-Contracting. 

"Should  be  on  the  bookshelves  of  every  contractor,  engineer,  and  architect  In  the 
land." — National  Builder. 

WATERPROOFING  CONCRETE.    By  Myron  H.  Lewis. 

Modem  Methods  of  Waternroofing  Concrete  and  Other  Structures.  A  condensed 
statement  of  the  Principles,  Rules,  and  Precautions  to  be  Observed  in  Waterproofing 
and  Dampprooflng  Structures  and  Structural  Materials.  Paper  binding.  Hlustrated. 
Price 76  centi 

DICTIONARIES 

STANDARD  ELECTRICAL  DICTIONARY.    By  T.  O'Conob  Sloanb. 

An  indispensable  work  to  all  interested  in  electrical  science.  Suitable  alike  for  the 
student  and  professional.  A  practical  handbook  of  reference  containing  definitions  of 
about  5000  (ustinct  words,  terms  and  phrases.  The  definitions  are  t^'se  and  concise 
and  include  every  term  used  in  electrical  science.  Recently  issued.  An  entirely  new 
edition.  Should  be  in  the  possession  of  all  who  desire  to  keep  abreast  with  tibe  progren 
of  this  branch  of  science.  Complete,  concise  and  convenient.  Nearly  800  pages.  Nearly 
500  illustrations.     1920  Revised  and  Enlarged  Edition.     Price $6.00 

AVIATION  TERMS— ENGLISH-FRENCH;  FRENCH-ENGLISH.  By  Major 
Victor  W.  Pag^,  A.S.,  S.C.U.S.R.,  and  Lieut.  Paul  Montabiol  of  the 
French  Flying  Corps. 

A  complete  glossary  of  practically  all  terms  used  in  aviation,  having  lists  in  both 
French  and  English  with  equivalents  in  either  language.  Include  all  words  in 
common  use.  A  complete,  well  illustrated  volmne  intended  to  facilitate  conversa- 
tion between  English-speaking  and  French  aviators.  The  Usts  are  confined  to  essen- 
tials, and  special  foldmg  plates  are  included  to  show  all  important  airplane  parts. 
The  lists  are  divided  into  four  sections:  1.  Flying  Field  Terms.  2.  The  Airplane. 
3.  The  Engine.  4.  Tools  and  Shop  Terms.  Should  be  in  every  aviator's  and 
mechanic's  kit.    Price $1.00 

DIES— METAL  WORK 


DIES:  THEIR  CONSTRUCTION  AND  USE  FOR  THE  MODERN  WORKING 
OF  SHEET  METALS.    By  J.  V.  Woodworth. 

A  most  useful  book,  and  one  which  should  be  in  the  hands  of  all  engaged  in  the  preM 
working  of  metals;  treating  on  the  Designing,  Constructing,  and  Use  of  Tools,  Fixtorei 
and  Devices,  together  with  the  manner  in  which  they  should  be  used  in  the  Power 
Press,  for  the  cheap  and  rapid  production  of  the  great  variety  of  sheet-metal  artictal 
now  in  use.  It  is  designed  as  a  guide  to  the  production  of  sheet-metal  parts  at  uj 
minimum  of  cost  with  the  maximum  of  output.  The  hardening  and  tempeiioK  Of 
Press  tools  and  the  classes  of  work  which  may  be  produced  to  the  beet  advantage^ 
the  use  of  dies  in  the  power  press  are  fully  treated.  Its  606  illustrations  show  CBBJ 
press  fixtures  and  sheet-metal  working  devices,  the  descriptions  of  which  are  so  dearawi 
practical  that  all  metal-working  mechanics  will  be  able  to  understand  how  to  deifa^ 
construct  and  use  them.  Many  of  the  dies  and  press  fixtures  treated  were  Wgf 
constructed  by  the  author  'or  under  his  supervision.  Others  were  built  by  ■kflM 
mechanics  and  are  in  use  in  large  sheet-metal  establishments  and  machtne  riM||  _ 
5th  Edition.    Price $8«i0 
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Tf CHES,  DIES  AND  TOOLS  FOR  MANUFACTURING  IN  PRESSES.    By 

J.   V.   WOODWORTH. 

This  work  is  a  companion  volume  to  the  author's  elementary  work  entitled  "Dies,  Their 
Construction  and  Ube"  It  does  not  go  into  the  details  of  die-making  to  the  extent  of 
the  author's  previous  book,  but  gives  a  comprehensive  review  of  the  neld  of  operations 
carried  on  b;'  prf^sses.  A  large  part  of  the  information  given  has  been  drawn  trom  the 
author's  personal  experience.  It  misht  well  be  termed  an  Encyclopedia  of  Die-Making, 
Punch-Making.  Die-Sinking,  Sheet-Metal  Working,  and  Makmg  of  Special  Tools,  Sub- 
presses,  Devices  and  Mechanical  Combinations  for  Punching,  Cutting,  Bending,  Form- 
ing. Piercing,  Drawing,  Compressing  and  Assembling  Sheet-Metal  Parts,  and  also  ArtL- 
cles  of  other  Materials  in  Machine  Tools.    2d  Edition.    Price 94.50 

LOP  FORGING,  DIF-SINKING  AND  MACHINE-FORMING  OF  STEEL. 

By  J.   V.   WoODWORTH. 

This  is  a  practical  treatise  on  Modem  Shop  Practice,  Processes,  Methods.  Machine 
Tools,  and  Details  treating  on  the  Hot  and  Cold  Machine-Forming  of  Steel  and  Iron 
into  Finished  Shapes;  together  with  Tools,  Dies,  and  Machinery  involved  in  the 
manufacture  of  Duplicate  Forgings  and  Interchangeable  Hot  and  Cold  Pressed  Piurts 
firom  Bar  and  Sheet  Metal.  This  book  flUs  a  demand  of  long  standing  for  information 
r^arding  drop-forgings,  die-sinking  and  machine-forming  of  steel  and  the  shop 
practice  involved,  as  it  actually  exists  in  the  modem  drop-forgine  shop.  The  processes 
of  die-sinking  and  force-making,  which  are  thoroughly  described  and  illustrated  in  this 
admirable  work,  are  rarely  to  oe  found  explained  in  such  a  clear  and  concise  manner 
as  is  here  set  forth.  The  process  of  die-sinking  relates  to  the  engraving  or  sinking  of 
the  female  or  lower  dies,  such  as  are  used  for  drop-forgings,  hot] and  cold  machinb 
forging,  swedging  and  the  press  working  of  metals.  The  process  of  force-nukldnc 
relates  to  the  engraving  or  raising  of  the  male  or  upper  dies  used  in  producing  the 
lower  dies  for  the  press-forming  and  machine-forging  of  duplicate  pails  of  metal. 

In  addition  to  the  arts  above  mentioned  the  book  contains  explicit  information  re- 
garding the  drop-forging  and  hardening  plants,  designs,  conditions,  equipment,  drop 
hammers,  foi^ng  machines,  etc.,  machine  foi^ng,  hydraulic  forsine.  autogenous 
welding  and  shop  practice.  The  book  contains  eleven  chapters,  and  the  information 
contained  in  these  chapters  is  just  what  will  prove  most  valuable  to  the  forged-metal 
worker.  All  operations  described  in  the  work  are  thoroughly  illustrated  by  means  of 
perspective  haUT-tones  and  outline  sketches  of  the  machinery  employed.  300  detailed 
Illustrations.     Price 88.00 


DRAWING— SKETCHING  PAPER 


ACTICAL  PERSPECTIVE.    By  Richards  and  Colvin. 

Shows  just  how  to  msike  all  kinds  of  mechanical  drawings  in  the  only  practical  per> 
Bpective  isometric.  Makes  everything  plain  so  that  any  mechanic  can  understand 
a  sketch  or  drawing  in  this  way.  S^ves  time  in  the  drawing  room,  and  mistakes  in  the 
■bops.  Contains  practical  examples  of  various  classes  of  work.  4th  Edition.    75  centi 

OSAR  PERSPECTIVE  SEJ  F-TAUGHT.    By  Herman  T.  C.  Kraub. 

TUs  work  gives  the  theory  and  practice  of  linear  perspective,  as  used  in  architectural, 
BDgiiieering  and  mechanical  drawings.  Persons  taking  up  the  study  of  the  subject 
by  themselves  will  be  able,  by  the  use  of  the  instruction  given,  to  readily  grasp  the 
■object,  and  by  reasonable  practice  become  good  persi)ective  draftsmen.  The  arrange- 
ment of  the  book  is  good;  the  plate  is  on  the  left-hand,  while  the  descriptive  text 
GoUows  on  the  opposite  page,  so  as  to  be  readily  referred  to.  The  drawings  are  on 
lUfBciently  large  scale  to  show  the  work  clearhr  and  are  plainly  figured.  There  is 
Biciuded  a  self-explanatory  chart  which  gives  all  mformation  necessary  for  the  thorough 
BDderstandingof  perspective.  This  chart  alone  is  worth  many  times  over  the  price  of 
the  book.  2d  Bevised  and  enlarged  Edition $8.00 
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SELF-TAUGHT  MECHAlflCAL  DRAWING  AND  ELEMENTAST  MACHDIB 
DESIGN.  By  F.  L.  Stlyesteb,  M£.,  Draftsman,  with  mMJtwtw  bj  Eul 
Obsbg,  asBodate  editor  ci  "Madunery." 


This  Is  a  practiad  treattoe  on  Mfffhairiral  Drawing  and  MachhiB 
the  flnt  principles  of  geometric  and  meriianiral  drawing.  wtwkHiiup" 
mechanics,  strength  of  materials  and  the  calculations  and  design  at  ■■i^^jmim*  ijfltaiili 
The  aathor's  aim  has  been  to  adapt  this  treatise  to  the  requirementB  at  the  practial 
"My*»*fc"<*^  and  young  draftsman  and  to  present  the  matter  in  as  dear  and  eoncin  a 
TnMiiw»j>  as  posnUe.  To  meet  the  demands  of  this  dass  of  students,  practicaQy  all  tliB 
Important  elements  of  machine  design  have  been  dealt  with,  and  in  iilitltinn  iltiiliiii 
fionnulas  have  been  explained,  and  the  elements  of  trigonometry  treated  in  the  maooflr 
best  suited  to  the  needs  of  the  practical  man.  The  book  Is  divided  Into  20  <*»rifrT. 
and  In  arranging  the  material,  mechanical  drawing,  pure  and  aimide,  has  been  tskai 
tro  first,  as  a  thorough  understanding  of  the  prfncipfeB  of  representing  objects  fai  iliftm 
the  further  study  or  mechanical  sul^ects.  This  is  fcrilowea  by  the  inailiiwnsU  'i  neoes* 
sary  for  the  sdution  of  the  iwoUems  in  machine  design  whkdi  are  presented  later,  and 
a  ixactical  Introduction  to  theoretical  mechanics  and  the  strength  of  materials.  The 
Tarlous  dements  entering  Into  machine  design,  such  as  cams,  gears,  sproduet-idieelg. 
cone  pulleys,  bdts.  screws,  couplings,  dutches,  shafting  and  ^-wheels,  have  been 
treated  in  sik±i  a  way  as  to  make  possible  the  use  of  the  work  as  a  text4ioQk  for  a 
continuous  course  of  study.  It  Is  easfly  comprdioxled  and  assimilated  even  by 
students  of  limited  previous  training.    330  pages.  215  engraving^    Price  .    .    $8.50 

A  NEW  SKETCHING  PAPER. 

A  new  specially  ruled  paper  to  enable  you  to  make  sketdies  or  drawings  in  Isometric 
perspective  without  any  figuring  or  fuasinff.  It  is  being  used  for  shop  details  as  weD 
as  for  assembly  drawings,  as  it  makes  <me  sketch  do  the  work  of  three,  and  no  workman 
can  hdp  seeing  just  what  is  wanted.  Pads  of  40  sheets,  6x9  inches.  26  ceMts.  Pads 
of  40  sheets,  0x12  Inches.  60  cents;  40  sheets.  12xl8»  Price $1.00 

ELECTRICITY 

ARITHMETIC  OP  ELECTRICITY.    By  Prof.  T.  O'Conob  Sloans. 

A  practical  treatise  on  dectrical  calculations  of  all  kinds  reduced  to  a  series  of  rules.  aU 
of  the  simplest  forms,  and  involving  only  ordinary  arithmetic;  each  rule  Illustrated 
by  one  or  more  practical  problems,  with  detailed  solution  of  each  one.  This  bock  is 
classed  among  the  most  useful  works  published  on  the  sdence  at  dectridty.  covering 
as  It  does  the  mathematics  of  electridty  In  a  mannor  that  will  attract  ttie  attentioa 
of  those  who  are  not  familiar  with  algebraical  formulas.  20th  Sditioii.  100  pages. 
Price iiJiO 

COMMUTATOR  CONSTRUCTION.    By  Wm.  Baxter,  Jb. 

The  business  end  of  any  dynamo  or  motor  of  the  direct  current  type  is  the  oomr^otator. 
This  book  goes  into  the  designing,  building,  and  maintenance  of  commutators,  diovi 
how  to  locate  troubles  and  how  to  romedy  them;  everycme  who  fusses  with  dyVHOOS 
needs  this.    4th  Edition 86  teato 

DTNAMO  BUILDING  FOR  AMATEURS,  OR  HOW  TO  CONSTRUCT  A 
FIFTY-WATT  DYNAMO.  By  Arthur  J.  Weed,  Member  of  N.  Y.  Elec  wal 
Society. 

A  practical  treatise  showing  in  detail  the  oonstmetion  of  a  small  dynamo  or  motor  ^ 
entire  machine  work  of  which  can  be  done  on  a  small  foot  lathe.  Dimensioned  woi^ 
drawings  aregiven  for  each  piece  of  machine  work,  and  each  operation  is  cWA 
described.  This  machine,  when  used  as  a  dynamo,  has  an  output  of  fifty  watts :  vW 
used  as  a  motor  it  will  drive  a  small  drill  press  or  lathe.  It  can  be  used  to  drit* 
sewing  machine  on  any  and  all  ordinary  work.  The  bode  is  illustrated  with  t0 
tban  sixty  original  engravlnes  showing  the  actual  constnictfon  of  the  diflterent  pJ^ 
Amoiig  the  coatents  are  chapters  on:    1.  Fifty-Watt  Dynamo.    2.  aide  B^^ 
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is.  3.  Figd  Punching.  4.  Bearings.  6.  Commutator.  6.  Pulley.  7.  Brush 
Iders.  8.  Connection  Board.  9.  Armature  Shaft.  10.  Armature.  11.  Armature 
ading.     12.  Field  Winding^     13.  Connecting  and  Starting.     Price,  doth.     $1.00 

TRIC  WIRING,   DIAGRAMS  AND  SWITCHBOARDS.    By  Newton 

RRISON. 

tioroughly  practical  treatise  covering  the  subject  of  Electric  Wiring  in  all  its  branches, 
luding  explanations  and  diagrams  which  are  thoroughly  'explicit  and  greatly  simplify 
subject.  Practical,  every-day  problems  in  wiring  are  presented  and  the  method 
>btaining  intelligent  results  clearly  shown.  Only  arithmetic  is  used.  Ohm's  law 
^ven  a  simple  explanation  with  reference  to  wiring  for  direct  and  alternating 
rents.  The  fundamental  principle  of  drop  of  potential  in  circuits  is  shown  with  its 
ious  applications.  The  simple  circuit  is  developed  with  the  position  of  mains, 
lers  and  branches;  their  treatment  as  a  part  of  a  wiring  plan  and  their  employ- 
it  in  house  wiring  clearly  illustrated.  Some  simple  facts  about  testing  are  included 
onnection  with  me  wiring.  Molding  and  conduit  work  are  given  careful  considera- 
i;  and  switchboards  are  systematically  treated,  built  up  and  illustrated,  showing 
purpose  they  serve,  for  connection  with  the  circuits,  and  to  shimt  and  compound 
md  machines.  The  simple  principles  of  switchboard  construction,  the  develop- 
it  of  the  switchboard,  the  connections  of  the  various  instruments,  includinjK  tno 
tning  arrester,  are  also  plainly  set  forth. 

3mating  current  wiring  is  treated,  with  explanations  of  the  power  factor,  conditions 
ing  for  various  sizes  of  wire,  and  a  simple  wav  of  obtaining  the  sizes  for  single-phase, 
-phase  and  three-phase  circuits.  This  is  the  only  complete  work  issued  showing 
telling  you  what  you  should  know  about  direct  and  alternating  current  wiring.  It 
ready  reference.  The  work  is  free  Arom  advanced  technicalities  and  mathematics, 
hmetic  being  used  throughout.  It  is  in  every  respect  a  handy,  well-written, 
ructive,  comprehensive  volume  on  wiring  for  the  wireman.  foreman,  contractor, 
lectridan.    272  pages;  105  illustrations.    Price $2 .50 

TRIG  TOY  MAKING,  DYNAMO  BUILDING,  AND  ELECTRIC  MOTOR 
NSTRUCTION.    By  Prof.  T.  O'Conor  Sloane. 

s  work  treats  of  the  making  at  home  of  electrical  toys,  electrical  apparatus,  motors, 
amos  and  instruments  in  general,  and  is  designed  to  bring  within  the  reach  of 
ng  and  old  the  manufacture  of  genuine  and  useful  electrical  appliances.  The  work 
specially  designed  for  amateurs  and  young  folks. 

lusands  of  our  young  people  are  daily  experimenting,  and  busily  engaged  in  making 
trical  toys  and  apparatus  of  various  kinds.     The  present  work  is  just  what  is  want- 

0  give  the  much  needed  information  in  a  plain  jpractical  manner,  with  illustrations 
lake  easy  the  carrying  out  of  the  work.     20th  iTdition.    Price    .     .     .     .     $1.50 

TRICIANS'  HANDY  BOOK.     By  Prof.  T.  O^Conor  Sloane. 

3  work  is  intended  for  the  practical  electrician  who  has  to  make  things  go.  The 
re  field  of  electricity  is  covered  within  its  pages.  Amongsome  of  the  subjects  treated 
The  Theory  of  the  Electric  Cmrent  and  Circuit,  Electro-Chemistry,  Primary 
teries.  Storage  Batteries,  Generation  and  Utilization  of  Electric  Powers,  Alter- 
ng  Cmrent,  Armature  Winding,  Dynamos  and  Motors,  Motor  Generators, 
ration  of  the  Central  Station  Switchboards,  Safety  Appliances,  Distribution 
Siectric  Light  and  Power,  Street  Mains.  Transformers,  Arc  and  Incandescent 
iting.  Electric  Measurements,  Photometry,  Electric  Railways,  Telephony,  Bell- 
ing, Electric-Plating,  Electric  Heating,  Wireless  Telegraphy,  etc.  It  contains  no 
ess  theory;  evenrtiiing  is  to  the  point.  It  teaches  you  just  what  you  want  to 
w  about  electricity.  It  is  the  standard  work  published  on  the  subject.  Forty- 
^pters,  600  engravings.     1920  Revised  and  Enlarged  Edition.    Price   .    $4.00 

FRICITY  SIMPLIFIED.     By  Prof.  T.  O'Conor  Sloane. 

1  object  of  "Electricity  Simplified"  is  to  make  the  subject  as  plain  as  possible  and 
ihow  what  the  modem  conception  of  electricity  is;  to  show  how  two  plates  ot 
arent  metal,  immersed  in  acid,  can  send  a  message  around  the  globe;  to  explain 
'  a  bimdle  of  copper  wire  rotated  by  a  steam  enghie  can  be  the  agent  in  hshttng 
streets,  to  ten  ^Siat  the  volt,  ohm  and  ampere  are,  Mid  what  high  and  low  t^^ 
in:  and  to  answer  the  questions  that  perpetually  arise  in  the  mind  in  this  age  of 
tridty.    13th  Edition.     172  pages.    lUustrated.    Price •1.60 
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EXPERIMENTAL  WIRELESS  STATIONS.    By  P.  E.  Edelman. 

The  theory*  design,  construction  and  operation  is  fully  treated  including  WirdesB 
Telephony,  Vacuum  Tube,  and  quenched  spark  systems.  The  new  enlu'ged  1920 
edition  is  just  issued  and  is  strictly  up  to  date,  correct  and  complete.  This  book  tells 
how  to  make  apparatus  to  not  only  near  all  telephoned  and  telegraphed  radio  mess* 
ages,  but  also  now  to  make  simple  equipment  that  works  for  transmission  over  rea- 
sonably long  distances.  Then  there  is  a  host  of  new  information  included.  The 
first  and  only  book  to  give  vou  all  the  recent  important  radio  improvements,  some 
of  which  have  never  before  been  published.  This  volimie  anticipates  every  need  of 
the  reader  who  wants  the  gist  of  the  art,  its  principles,  simplified  calculations,  appara- 
tus dimensions,  and  understandable  dirisctions  for  efficient  operation. 
Vacuimi  tube  circuits;  amplifiers;  long-distance  sets;  loop,  coil,  and  underground 
receivers;  tables  of  wave-lengths,  capadtv,  inductance;  such  are  a  few  of  the  sub- 
jects presented  in  detail  that  satisfies.  It  is  independent  and  one  of  the  few  that 
describe  all  modem  systems. 

Endorsed  by  foremost  instructors  for  its  clear  accuracy,  preferred  by  leading  amateurs 
for  its  dependable  designs.  The  new  experimental  Wireless  Stations  is  sure  to  be  most 
satisfactory  for  your  purposes.     24  chapters.     167  illustrations.     Price    .    .     ^3.00 

HOUSE  WIRING.     By  Thomas  W.  Poppb. 

This  work  describes  and  illustrates  the  actual  installation  of  Electric  Light  Wiring, 
the  manner  in  which  the  work  should  be  done,  and  the  method  of  doing  It.  The  book 
can  be  conveniently  carried  in  the  pocket.  It  is  intended  for  the  Electrician,  Helper 
and  Apprentice.  It  solves  all  Wiring  Problems  and  contains  nothing  that  conflicts 
with  t'ho  rulings  of  the  National  Board  of  Fire  Underwriters.  It  gives  Just  the  Informa- 
tion essential  to  the  Successful  Wiring  of  a  Building.  Among  the  subjects  treated  are: 
Locating  the  Meter.  Panel  Boards.  Switches.  Pmg  Receptacles.  Brackets.  Ceiling 
Fixtures.  The  Meter  Connections.  The  Feed  Wires.  The  Steel  Armored  Cable 
System.  The  Flexible  Steel  Conduit  System.  The  Ridig  Conduit  System.  A  digest 
of  the  National  Board  of  Fire  Underwriters'  rules  relating  to  metallic  wiring  ssrstems. 
Various  switching  arrangements  explained  and  diagrammed.  The  easiest  method  of 
testing  the  Three-  and  Four-way  circuits  explained.  The  groundimc  of  idl  metallle 
wiring  systems  and  the  reason  for  doing  so  shown  and  explained.  Tne  insulation  of 
the  metal  parts  of  lamp  fixtures  and  the  reason  for  the  same  described  and  illustrated. 
125  pages.  2nd  Edition,  revised  and  enlarged.  Fully  Illustrated.  Flexible  cloth. 
Price 11.00 

WHAT  IS   SAID   OF   THIS   BOOK: 

"The  information  given  is  exact  and  exhaustive  without  being  too  technical  or  over- 
laden with  details.  — Druggists*  Circular, 

HOW  TO  BECOME  A  SUCCESSFUL  ELECTRICIAN.    By  Prof.  T.  O'Ck)N0B 

Sloane. 

Every  yoimg  man  who  wishes  to  become  a  successful  electrician  should  read  this  book. 
It  teUs  in  simple  language  the  surest  aud  easi(*»st  way  to  become  a  successful  electrkdaa. 
The  studies  to  be  followed,  methods  of  work,  rleld  of  operation  and  the  requirement! 
of  the  successful  electrician  are  pointed  out  and  fully  explained.  Every  young  en* 
gineer  will  find  this  an  excellent  stepping  stone  to  more  advanced  works  on  electrid^ 
which  he  must  master  before  success  can  be  attained.  Many  young  men  become  dto- 
couraged  at  the  very  outstart  by  attempting  to  read  and  study  books  that  are  fltf 
beyond  their  comprehension.  This  book  serves  as  the  connecting  link  between  ttat 
rudiments  taught  in  the  public  schools  and  the  real  study  of  electricity.  It  is  Inte^ 
esting  from  cover  to  cover.  Eighteenth  Revised  Edition,  j,ust  issued.  206  nagei. 
Illustrated.    Price 9IJ6O 

STANDARD  ELECTRICAL  DICTIONARY.    By  T.  O'Conob  Sloanb. 

An  indispensable  work  to  all  interested  in  electrical  science.     Suitable  alike  for  thi 
student  and  professional.     A  practical  handbook  of  reference  containing  deflnitkfll' 
of  about  5,000  distinct  words,  terms  and  phrases.     The  definitions  are  terse  udi 
concise  and  include  every  term  used  in  electrical  science.     Recently  issued.    Anit*' 
tirely  new  edition.     Should  be  in  the  possession  of  all  who  desire  to  keep  abreast  utt  J 
the  progress  of  this  branch  of  science.     In  its  arrangement  and  typography  the ' 
is  very  convenient.     The  word  or  term  defined  is  printed  in  black-faced  type  f 
readily  catches  the  eye.  while  the  body  of  the  page  Is  in  smaller  but  distinct  type, 
definitions  are  well  worded,  and  so  as  to  be  understood  by  the  non- technical  re 
The  general  plan  seems  to  be  to  give  an  exact,  concise  definition,  and  tben  an 
And  explain  in  a  more  popular  way.    Synonyms  are  also  given,  and  references  to  < 
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words  and  phrases  are  made.  A  very  complete  and  accurate  index  of  fifty  pages  is 
at  the  end  of  the  volume;  and  as  this  index  contains  all  synonyms,  and  as  idl  phrases 
are  indexed  in  every  reasonable  combination  of  words,  reference  to  the  proper  place 
in  the  body  of  the  book  is  readily  made.  It  is  di£Qcult  to  decide  how  far  a  book  of 
this  character  is  to  keep  the  dictionary  form,  and  to  what  extent  it  may  assume  the 
encyclopedia  form.  For  some  purposes,  concise,  exactly  worded  d^&nitions  are  needed ; 
for  other  purposes,  more  extended  descriptions  are  required.  This  book  seeks  to  satisfy 
both  demands,  and  does  it  with  considerable  success.  Complete,  concise  and  con- 
venient. 800  pages.  Nearly  500  illustrations.  1920  Revised  and  Enlarged  Edition. 
Price $6.00 

SWITCHBOARDS.    By  William  Baxtbb,  Jr. 

This  book  appeals  to  every  engineer  and  electrician  who  wants  to  know  the  practical 
side  of  things.  It  takes  up  all  sorts  and  conditions  of  dvnamos,  connections  and 
circuits,  and  shows  by  diagram  and  illustration  just  how  tne  switchboard  should  be 
connected.  Includes  direct  and  alternating  current  boards,  also  those  for  arc  lighting, 
incandescent  and  power  circuits.  Special  treatment  on  high  voltage  boards  for  power 
transmission.    2d  Edition.     190  pages.    Illustrated.    Price $2.00 

TELEPHONE  CONSTRUCTION,  INSTALLATION,  WIRING,  OPERATION 

AND  MAINTENANCE.    By  W.  H.  Radcliffb  and  H.  C.  Gushing. 

This  book  Ib  intended  for  the  amateur,  the  wireman,  or  the  engineer  who  desires  to 
establish  a  means  of  telephonic  communication  between  the  rooms  of  his  home,  office, 
or  shop.  It  deals  only  with  such  things  as  may  be  of  use  to  him  rather  thaii  with 
theories. 

Gives  the  principles  of  construction  and  operation  of  both  the  Bell  and  Independent 
instruments;  approved  methods  of  installing  and  wiring  them;  the  means  of  protecting 
them  from  lightning  and  abnormal  currents;  their  connection  together  for  operation 
as  series  or  bridging  stations ;  and  rules  for  their  inspection  and  maintenance.  Line 
wiring  and  the  wiring  and  operation  of  special  telephone  systems  are  also  treated. 

Intricate  mathematics  are  avoided,  and  all  apparatus,  circuits  and  systems  are  thor^ 
oughly  described.  The  appendix  contains  dennitions  of  units  and  terms  used  in  the 
text.  Selected  wiring  tables,  which  are  very  helpful,  are  also  included.  Among  the 
subjects  treated  are  Construction,  Operation,  and  Installation  of  Telephone  Instru- 
ments; Inspection  and  Maintenance  of  Telephone  Instruments;  Telephone  Line 
Wiring;  Testing  Telephone  Line  Wires  and  Cables;  Wiring  and  Operation  of  Special 
Telephone  Systems,  etc.  2nd  Edition,  revised  and  enlarged.  223  pages.  154 
illustrations $1.60 

WIRELESS  TELEGRAPHY  AND  TELEPHONY  SIMPLY  EXPLAINED.    By 

Alfred  P.  Morgan. 

This  is  undoubtedly  one  of  the  most  complete  and  comprehensible  treatises  on  th« 
subject  ever  published,  and  a  close  study  of  its  pages  will  enable  one  to  master  adl  the 
details  of  the  wireless  transmission  of  messages.  The  author  has  filled  a  long-felt 
want  and  has  succeeded  in  furnishing  a  lucid,  comprehensible  explanation  in  simple 
language  of  the  theory  and  practice  of  wireless  telegraphy  and  telephony. 

Among  the  contents  are:  Introductory;  Wireless  Transmission  and  Reception — ^The 
Aerial  System,  Earth  Connections — The  Transmitting  Apparatus.  Spark  Coils  and 
Transformers,  Condensers,  Helixes,  Spark  Gaps,  Anchor  Gaps,  Aerial  Switches — The 
Receiving  Apparatus.  Detectors,  etc. — Tuning  and  Coupling,  Tuning  Coils.  Loose 
Couplers,  Variable  Condensers,  Directive  Wave  Systems — Miscellaneous  Apparatus, 
Telephone  Receivers,  Range  of  Stations,  Static  Interference — ^Wireless  Telephones, 
Sound  and  Sound  Waves,The  Vocal  Cords  and  Ear — ^Wireless  Telephone,  How  Sounds 
Are  Changed  into  Electric  Waves — Wireless  Telephones,  The  Apparatus — Summary. 
154  pages.    156  engravings.    Price $1^0 

WHAT  IS   SAID   OF  THIS   BOOK: 
"This  book  should  be  in  both  the  home  and  school  library." — Tfie  Youths*  Instr%u$or, 

WIRING  A  HOUSE.    By  Herbert  Pratt. 

Shows  a  house  already  built;  teUs  just  how  to  start  about  wiring  it;  where  to  begin; 
what  wire  to  use;how  to  run  it  according  to  Insurance  Rules;  in  fact,  just  the  informa- 
tion you  need.    Directions  apply  equally  to  a  shop.    Fourth  edition    .     .    85  cent! 
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RADIO  TIME  SIGNAL  RECEIVER.    By  Austin  C.  Lescarboura. 

This  new  book,  "A  Radio  Time  Signal  Receiver,"  tells  you  how  to  build  a  simple 
outfit  designed  expressly  for  the  beginner.  You  can  bund  the  outfits  in  your  own 
workshop  and  install  them  for  jewelers  either  on  a  one-payment  or  a  r^ital  basis. 
The  apparatus  is  of  such  simple  design  that  it  may  be  made  by  the  average  amateur 
mech^c  possessing  a  few  ordinary  tools.    42  pages.    Paper.    Price     .     .  86  centi 

CONSTRUCTION  OF  A  TRANSATLANTIC  WIRELESS  RECEIVING  SET. 

By  L.  G.  Pacent  and  T.  S.  Curtis. 

A  work  for  the  Radio  student  who  desires  to  construct  and  operate  apparatus  that 
will  permit  of  the  reception  of  messages  firom  the  large  stations  in  Europe  with  an 
aerial  of  amateur  proportions.    36  pages.    23  illustrations,  doth.    Price  .  86  cents 

ELECTRIC  BELLS.    By  M.  B.  Sleeper. 

A  complete  treatise  for  the  practical  worker  in  installing,  operating,  and  testing 
bell  circuits,  burglar  alarms,  thermostats,  and  other  apparatus  used  with  electric 
'  bells.  Both  the  electrician  and  the  experimenter  will  find  in  this  book  new  material 
which  is  essential  in  their  work.  Tools,  bells,  batteries,  imusual  circuits,  burglar 
alarms,  annunciators,  systems,  thermostats,  circuit  breakers,  time  alarms,  and  other 
apparatus  used  in  bell  circuits  are  described  from  the  standpoints  of  their  applica- 
tion, construction,  and  repair.  The  detailed  instructions  for  building  the  apparatus 
will  appeal  to  the  experimenter  particularly.  The  practical  worker  will  find  the 
chapters  on  Wiring  Calculation  of  Wire  Sizes  and  Magnet  Windings,  Upkeep  of 
Systems  and  the  Location  of  Faults  of  the  greatest  value  in  their  work.  124  pages. 
Fully  illustrated.    Price 75  cents 

EXPERIMENTAL  mOH  FREQUENCY  APPARATUS  —  HOW  TO  MAKE 
AND  USE  IT.    By  Thomas  Stanley  Curtis. 

This  book  teUs  vou  how  to  build  simple  high  frequency  coils  for  experimental  purpose 
in  the  home,  school  laboratory,  or  on  the  small  lecture  platform.  The  book  is  reaJly 
a  supplement  to  the  same  author's  "  High  Frequency  Apparatus."  The  experim^itu 
side  only  is  covered  in  this  volume,  which  is  intended  for  those  who  want  to  build 
small  coils  giving  up  to  an  eighteen-inch  spark.  The  book  contains  valuable  in- 
formation for  the  physics  or  the  manual  training  teacher  who  is  on  the  lookout  for 
interesting  projects  for  his  boys  to  build  or  experiment  with.  The  apparatus  is 
simple,  cheap  and  perfectly  safe,  and  with  it  some  trul^  startling  experiments  may  be 
performed.  Among  the  contents  are:  Induction  Coil  Outfits  Operated  on  Battery 
-  Current.  Kicking  Coil  Apparatus.  One-Half  Kilowatt  Transformer  Ou^t.  Parts 
and  Materials,  etc.,  etc.    69  pages.    Illustrated.    Price 60  cents 

HIGH  FREQUENCY  APPARATUS,  ITS  CONSTRUCTION  AND  PRACTICAL 
APPLICATION.    By  Thomas  Stanley  Curtis 

The  most  comprehensive  and  thorough  work  on  this  interesting  subject  ever  produced. 
The  book  is  essentially  practical  in  its  treatment  and  it  constitutes  an  accurate  reo(»d 
of  the  researches  of  its  author  over  a  period  of  several  years,  during  which  time  doz^is 
of  coils  were  built  and  experimented  with.  The  work  has  been  divided  into  six  basic 
parts.  The  first  two  chapters  tell  the  uninitiated  reader  what  the  high  frequency 
current  is,  what  it  is  used  for,  and  how  it  is  produced.  The  second  section,  comprisiitf 
four  chapters,  describes  in  detail  the  principles  of  the  transformer,  condenser,  span 
gap,  and  oscillation  transformer,  and  covers  the  main  points  in  the  design  and  ooo- 
struction  of  these  devices  as  applied  to  the  work  in  hand.  The  third  section  coven 
the  construction  of  small  high  frequency  outfits  designed  for  experimental  woric  in  the 
home  laboratory  or  in  the  classroom.  The  fourth  section  is  devoted  to  electR^ 
therapeutic  and  X-Ray  apparatus.  The  fifth  describes  apparatus  for  the  cultivation 
of  plants  and  vegetables.  The  sixth  section  is  devoted  to  a  comprehensive  discuarfOB 
of  apparatus  of  large  size  for  use  upon  the  stage  in  spectacular  productions.  Tte 
closing  chapter,  giving  the  current  prices  of  the  parts  and  materials  required  for  tiw 
construction  of  the  apparatus  described,  is  included  with  a  view  to  expediting  llM 
purchase  of  the  necessary  goods.  The  Second  Edition  includes  much  new  mattv 
along  the  line  of  home-made  therapeutic  outfits  for  physicians'  use.  The  matter  OB 
electro  plant  culture  has  also  been  elaborated  upon.  Second  Revised  and  Bnlanni 
Edition.    248  pages.    1920.     Fully  iUustrated.     Price $830 
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STORAGE  BATTERIES  SIMPLIFIED.    By  Victor  W.  Pag6,  M.S.A.E. 

A  complete  treatise  on  storage  battery  operating  principles,  repairs  and  applications. 
The  greatly  increasing  application  or  storage  batteries  in  modem  engineering  and 
mechanical  work  has  created  a  demand  for  a  book  that  idll  consider  this  subject 
completely  and  exclusively.  This  is  the  most  thorough  and  authoritative  treatise 
ever  published  on  this  subject.  It  is  written  in  easily  understandable,  non-technical 
language  so  that  any  one  may  grasp  the  basic  principles  of  storage  battery  action  as 
well  as  their  practical  industrial  appUcations.  All  electric  and  gasoline  automobiles 
use  storage  batteries.  Every  automobile  repairman,  dealer  oe  salesman  should  have  a 
good  knowledge  of  maintenance  and  repair  of  these  important  elements  of  the  motor 
car  mechanism.  This  book  not  only  tells  how  to  charge,  care  for  and  rebuild  storage 
batteries  but  also  outlines  all  the  industrial  uses.  Learn  how  they  run  street  cars, 
locomotives  and  factory  trucks.  Get  an  understanding  of  the  important  functions  they 
perform  in  submarine  boats,  isolated  lighting  plants,  railway  switch  and  signal  systems, 
marine  applications,  etc.  This  book  tells  how  they  are  used  in  central  station  standby 
service,  for  starting  automobile  motors  and  in  i^ition  systems.  Every  practical  use 
of  the  modem  storage  battery  is  outlined  in  this  treatise. 

Chapters  contained  are:  Chapter  1 — Storage  Battery  Development — ^Types  of  Storage 
Batteries — Lead  Plate  Types — The  Edison  Cell.  Chapter  2 — Storage  Battery 
Construction — Plates  and  Grids — Plants  Plates — Faur6  Plates — Non-Lead  Plates — 
Commercial  Battery  Designs.  Chapter  3 — Charging  Methods — Rectifiers— Con- 
verters— Rheostats — Rules  for  Charging.  Chapter  4 — ^Battery  Repairs  and  Main- 
tenance. Chapter  5 — Industrial  Application  of  Storage  Batteries — Glossary  of 
Storage  Battery  Terms.    208  pages.    Fully  illustrated.    Price    ....      ^.00 
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A  NEW  ELECTROPLATING  BOOK.      By  Kenneth  M.  Coggeshall. 

This  is  one  of  the  most  complete  and  practical  books  on  electroplating  and  allied 
processes  that  has  been  publiished  as  a  text  for  the  student  or  professional  plater. 
It  is  written  in  simple  language  and  explains  all  details  of  electroplating  in  a  concise 
yet  complete  manner.  It  starts  at  the  beginning  and  gives  an  elementary  outUne 
of  electricity  and  chemistry  as  relates  to  plating,  then  considers  shop  layout  and 
equipment  and  gives  all  the  necessary  information  to  do  reliable  and  profitable  electro- 
plating in  a  modem  commercial  manner.  Full  instructions  are  given  for  the  preparar 
tion  and  finishing  of  the  work  and  formulae  and  complete  directions  are  included  for 
nuJdng  all  kinds  of  plating  solutions,  many  of  these  naving  been  trade  secrets  until 
published  in  this  instruction  manual.  Any  one  interested  in  practical  plating  and 
metal  flnishinK  will  find  this  book  a  valuable  guide  and  complete  manual  of  the  art. 
Cloth.     135  illustrations.      Nearly  300  pages.      Price $8.00 

FACTORY  MANAGEMENT,  ETC, 

MODERN     MACHINE     SHOP     CONSTRUCTION,     EQUIPMENT     AND 
MANAGEMENT.    By  O.  E,  Perrigo,  M.E. 

The  only  work  published  that  describes  the  modem  machine  shop  or  manufacturing 
pkmt  from  the  time  the  grass  is  growing  on  the  site  intended  for  it  imtil  the  finished 
product  is  shipped.  By  a  careful  study  of  its  thirty-two  chapters  the  practical  man 
may  economically  build,  efficiently  equip,  and  successfully  manage  the  modem  machine 
shop  or  manufacturing  establishment.  Just  the  book  needed  by  those  contemplating 
the  erection  of  modem  shop  buildings,  the  rebuilding  and  reorganization  of  old  ones, 
or  the  introduction  of  modem  shop  methods,  time  and  cost  systems.  It  is  a  book 
written  and  illustrated  by  a  practical  shop  man  for  practical  shop  men  who  are  too 
busy  to  read  theories  and  want  facts.  It  is  the  most  complete  all-around  book  of  its 
kind  ever  published.  It  is  a  practical  book  for  practical  men,  from  the  apprentice  in 
the  shop  to  the  president  in  the  office.  It  minutely  describes  and  illustrates  tiie  most 
simple  and  yet  tne  most  efficient  time  and  cost  system  yet  devised.    Price    .     $5.00 

21 


CATALOGUE  OF  GOOD,  PRACTICAL  BOOKS 

FUEL 

COMBUSTION  OF  COAL  AND  THE  PREVENTION  OF  SMOKE.    By  Wm. 

M.  Barr. 

This  book  has  been  prepared  with  special  reference  to  the  generation  of  heat  by  the 
combustion  of  the  common  fuels  found  in  the  United  States,  and  deals  particularly 
with  the  conditions  necessary  to  the  economic  and  smokeless  combustion  of  bituminous 
coals  in  Stationary  and  Locomotive  Steam  Boilers. 

The  presentation  of  this  important  subject  is  systematic  and  progressive.  The  ar- 
rangement of  the  book  is  in  a  series  of  practical  questions  to  which  are  appended 
accurate  answers,  which  describe  in  language,  free  from  technicalities,  the  several 
processes  involved  in  the  furnace  combustion  of  American  fuels ;  it  clearly  states  the 
essential  requisites  for  perfect  combustion,  and  points  out  the  best  methods  for  furnace 
construction  for  obtaining  the  greatest  quantity  of  heat  ftt)m  any  given  quality  of 
coal.    Nearly  350  pages,  nilly  illustrated.    Price $1.60 

GAS  ENGINES  AND  GAS 

THE  GASOLINE  ENGINE  ON  THE  FARM:  ITS  OPERATION,  REPAIR 
AND  USES.    By  Xeno  W.  Putnam. 

This  is  a  practical  treatise  on  the  Gasoline  and  Kerosene  Engine  intended  for  the  man 
who  wants  to  know  just  how  to  manage  his  engine  and  how  to  apply  it  to  all  kinds  of 
farm  work  to  the  best  advantage. 

This  book  abounds  with  hints  and  helps  for  the  farm  and  suggestions  for  the  home 
and  housewife.  There  is  so  much  of  value  in  this  book  that  it  is  impossible  to  ade- 
quately describe  it  in  such  small  space.  Suffice  to  say  that  it  is  the  kind  of  a  book 
every  farmer  will  appreciate  and  every  farm  home  ought  to  have.  Includes  selecting 
the  most  suitable  engine  for  farm  work,  its  most  convenient  and  efficient  installation, 
with  chapters  on  troubles,  their  remedies,  and  how  to  avoid  them.  The  care  and 
management  of  the  farm  tractor  in  plowing,  harrowing,  harvesting  and  road  grading 
are  fully  covered;  9,lso  plain  directions  are  given  for  handling  the  tractor  on  the  road. 
Special  attention  is  given  to  relieving  farm  life  of  its  drudgery  by  applying  power  to 
the  disagreeable  small  tasks  which  must  otherwise  be  done  by  hand.  Many  home- 
made contrivances  for  cutting  wood,  supplying  kitchen,  garden,  and  bam  with  water, 
loading,  hauling  and  unloading  hay,  dehvering  grain  to  the  bins  or  the  feed  trousdi 
are  included;  also  full  directions  for  making  the  engine  milk  the  cows,  chum,  wash, 
sweep  the  house  and  clean  the  windows,  etc.  Very  fully  illustrated  with  drawings  of 
working  parts  and  cuts  showing  Stationary,  Portable  and  Tractor  Engines  doing  au 
kinds  of  farm  work.  AU  money-making  farms  utilize  power.  Learn  how  to  utilixe 
power  by  reading  the  pages  of  this  book.  It  is  an  aid  to  the  result  getter,  invaluable 
to  the  up-to-date  farmer,  student,  blacksmith,  implement  dealer  and,  in  fact,  all  who 
can  apply  practical  knowledge  of  stationary  gasoline  engines  or  gas  tractors  to  advu- 
tage.     530  pages.     Nearly  180  engravings.    Price $8.00 

WHAT   IS   SAID   OP   THIS  BOOK: 

•*Am  much  pleased  with  the  book  and  find  it  to  be  very  complete  and  up-to^aftB. 
I  will  heartily  recommend  it  to  students  and  farmers  whom  I  think  would  stand  In 
need  of  such  a  work,  as  I  think  It  is  an  exceptionally  good  one." — N.  S.  Oardintft 
Prof,  in  Charge,  Clemson  Agr.  College  of  S.  O. ;  Dept.  of  Agrl.  and  Agri.  Exp.  Station, 
Clemson  College;  S.  C. 

•'I  feel  that  Mr.  Putnam's  book  covers  the  main  points  which  a  farmer  should  know.** 
— B.  T.  Burdick,  Instructor  in  Agronomy,  University  of  Vermont,  Burlington.  Vi 
"It  will  be  a  valuable  addition  to  our  library  upon  Farm  Machinery." — Jame$  A 
Farra,  Inst,  in  Agri.  Engineering,  State  University  of  Ky.,  Lexington,  Ky. 

GASOLINE  ENGINES :  THEIR  OPERATION,  USE  AND  CARE.    By  A.  Hta« 

Verrill. 

The  simplest,  latest  and  most  comprehensive  popular  work  published  on  GtaaoM 
Engines,  describing  what  the  Gasoline  Engine  is;  its  construction  and  operation;  iMV 
to  JiistaU  it;  how  to  select  it;  how  to  use  it  and  how  to  remedy  troubles  enoouiMil 
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Intended  for  Owners,  Operators  and  Users  of  Gasoline  Motors  of  all  kinds.    Thia, 
work  fully  describes  and  illustrates  the  varioiis  types  of  Gasoline  Engines  used  in 
Motor  Boats,  Motor  Vebides  and  Stationary  Work.    The  parts,  accessories  and 
appliances  are  described,  with  chapters  on  ignition,  fuel,  lubrication,  operation  andi 
engine  troubles.     Special  attention  is  given  to  the  care,  operation  and  repair  of  motors, 
with  useful  hints  and  suggestions  on  emergency  repairs  and  makeshifts.     A  complete' 
glossary  of  technical  terms  and  an  alphabeticaUy  arranged  table  of  troubles  and  thdr 
symptoms  form  most  valuable  and  unique  feat\ires  of  this  manual.     Nearly  every 
illustration  in  the  book  is  original,  having  been  made  by  the  author.     Every  page  u 
full  of  interest  and  value.    A  Book  which  you  cannot  afford  to  be  without.    275  pages. 
152  specially  made  engravings.    Price $2.00. 

GAS,  GASOLINE,  AND  OIL  ENGINES.    By  Gabdneb  D.  Hiscox. 

Just  issued,  22d  revised  and  enlarged  edition.  Every  user  of  a  gas  engine  needs  this 
book.  Simple,  instructive,  and  right  up-to-date.  The  only  complete  work  on  the 
subject.  Tells  all  about  the  running  and  management  of  gas,  gasoline  and  oil  engines, 
as  designed  and  manufactured  in  the  United  States.  Explosive  motors  for  stationary 
marine  and  vehicle  power  are  fully  treated,  together  with  illustrations  of  their  parts 
and  tabulated  sizes,  also  their  care  and  running  are  included.  Electric  ignition  by 
induction  coil  and  jump  spark  are  fully  explained  and  illustrated,  including  valuable 
information  on  the  testing  for  economy  and  power  and  the  erection  of  power  plants. 

The  rules  and  r^ulations  of  the  Board  of  Fire  Underwriters  in  r^ard  to  the  installation 
and  management  of  gasoline  motors  are  given  in  full,  suggesting  the  safe  installation 
of  explosive  motor  power.  A  list  of  United  Stat^  Patents  issued  on  gas,  gasoline,  and 
oil  engines  and  their  adjuncts  from  1875  to  date  is  included.  640  pages.  435  engrav* 
ings.     Folding  plates.    Price $8.00 

GAS  ENGINE  CONSTRUCTION,  OR  HOW  TO  BUILD  A  HALF-HORSE- 
POWER GAS  ENGINE.    By  Parsell  and  Weed. 

A  practical  treatise  of  300  pages  describing  the  theory  and  principles  of  the  action  of 
Gas  Engines  of  various  types  and  the  design  and  construction  of  a  half-horse-power 
Gas  Engine,  with  illustrations  of  the  work  in  actual  progress,  together  with  the  dimoa* 
sioned  working  drawings,  giving  clearly  the  sizes  of  the  various  details ;  for  the  student, 
the  scientific  Investigator,  and  the  amateur  mechanic.  This  book  treats  of  the  subject 
more  from  the  standpoint  of  practice  than  that  of  theory.  The  principles  of  operation 
of  Gas  Engines  are  clearly  and  simply  described,  and  then  the  actual  construction  of  a 
half-horse-power  engine  is  taken  up,  step  by  step,  showing  in  detail  the  making  of  the 
Gas  Engine.     3d  Edition.    300  pages.    Price $8.00 

HOW  TO  RUN  AND  INSTALL  GASOLINE  ENGINES.    By  C.  Von  Cuun. 

Revised  and  enlarged  edition ''just  issued.  The  object  of  this  little  book  is  to  furnish 
a  pocket  instructor  for  the  beginner,  the  busy  man  who  uses  an  engine  for  pleasure  or 
profit,  but  who  does  not  have  the  time  or  inclination  for  a  technical  book,  but  simply 
to  thoroughly  imderstand  how  to  properly  operate,  install  and  care  for  his  own  engine. 
The  index  refers  to  each  trouble,  remedy,  and  subject  alphabetically.  Being  a  quidc 
reference  to  find  the  cause,  remedy  and  prevention  for  troubles,  and  to  become  an 
expert  with  his  own  engine.    Pocket  size.    Paper  binding.    Price      .      .     26  cents 

THE  MODERN  GAS  TRACTOR.    By  Victor  W.  Pag6. 

A  complete  treatise  describing  all  tsrpes  and  sizes  of  gasoline,  kerosene  and  oil  tractors. 
Considers  design  and  construction  exhaustively,  gives  complete  instructions  for  care, 
operation  and  repair,  outlines  all  practical  appUcations  on  the  road  and  in  the  field. 
The  best  and  latest  work  on  farm  tractors  and  tractor  power  plants.  A  work  needed 
by  farmers,  students,  blacksmiths,  mechanics,  s,alesmen,  implement  dealers,  designers 
and  engineers.    500  pages.    Nearly  300  illustrations  and  folding  plates.    Price  $8.00 

CHEMISTRY  OF  GAS  MANUFACTURE.    By  H.  M.  Royle. 

This  book  covers  points  likely  to  arise  in  the  ordinary  course  of  the  duties  of  the 
engineer  or  manager  of  a  gas  works  not  lai^e  enough  to  necessitate  the  employment 
of  a  separate  chemical  staff.  It  treats  of  the  testing  of  the  raw  materials  employed 
in  the  manufacture  of  illuminating  coal  gas  and  of  the  gas  produced.  The  preparation 
of  standard  solutions  is  given  as  well  as  the  chemical  and  physical  examination  of  gas 
ooal.    5H  z  ^H'    Cloth,  328  pages.^  82  illustrations,  1  colored  plate.    Price     $5.00 
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GEARING  AND  CAMS 

BEVEL  GEAR  TABLES.    By  D.  Ag.  Engstrom. 

A  book  that  will  at  once  commend  itself  to  mechanics  and  draftsmen.  Does  away 
with  all  the  trio^onometry  and  fancy  figuring  on  bevel  gears,  and  makes  it  easy  for  any- 
one to  lay  them  out  or  make  them  just  right.  There  are  36  full-page  tables  that 
show  every  necessary  dimension  for  all  sizes  or  combinations  you're  apt  to  need.  No 
puzzling,  figuring  or  guessing.  Gives  placing  distance,  all  the  angles  (including 
cutting  angles),  and  the  correct  cutter  to  use.  A  copy  of  this  prepares  you  for  any- 
thing in  the  bevel-gear  line.     3d  Edition.     66  pages $1.50 

CHANGE  GEAR  DEVICES.    By  Oscar  E.  Perrigo. 

A  practical  book  for  every  designer,  draftsman,  and  mechanic  interested  in  the  inven- 
tion and  development  of  the  devices  for  feed  changes  on  the  different  machines  reqpiir- 
Ing  such  mechanism.  All  the  necessary  information  on  this  subject  is  token  up, 
analyzed,  classified,  sifted,  and  concentrated  for  the  use  of  busy  men  who  have  not  tne 
time  to  go  through  the  masses  of  irrelevant  matter  with  which  such  a  subject  is  usu- 
ally enciunbered  and  select  such  information  as  will  be  useful  to  them. 

It  shows  just  what  has  been  done,  how  it  has  been  done,  when  it  was  done,  and  who 
did  it.  It  saves  time  in  hunting  up  patent  records  and  re-inventing  old  ideas.  88 
pages $1.60 

DRAFTING  OF  CAMS.    By  Louis  Rouillion. 

The  laying  out  of  cams  is  a  serious  problem  unless  you  know  how  to  go  at  it  right. 
This  puts  you  on  the  right  road  for  practically  any  kind  of  cam  you  are  likely  to  run 
up  against.    3d  £dltion • 86  eenti 

HYDRAULICS 

HYDRAULIC  ENGINEERING.    By  Gardner  D.  Hiscox. 

A  treatise  on  the  properties,  i>ower,  and  resources  of  water  for  all  purposes.  Including 
the  measurement  of  streams,  the  flow  of  water  in  pipes  or  conduits;  the  horse-power 
Of  falling  water,  turbine  and  impact  water-wheels,  wave  motors,  centrifugal,  recipro- 
cating*  and  air-lift  piunps.  With  300  figures  and  diagrams  and  36  practical  tables. 
All  who  are  interested  in  water-works  development  will  find  this  book  a  usefol  one. 
because  it  is  an  entirely  practical  treatise  upon  a  subject  of  present  importance,  and 
cannot  fail  in  having  a  far-reaching  influence,  and  for  this  reason  should  have  a  place 
in  the  working  librarv  of  every  engineer.  Among  the  subjects  treated  are:  Historical 
Hydraulics,  Properties  of  Water,  Measurement  of  the  Flow  of  Streams;  Flow 
fh>m  Sub-siuface  Orifices  and  Nozzles;  Flow  of  Water  in  Pipes;  Siphons  of  Varloui 
Kinds;  Dams  and  Great  Storage  Reservoirs;  City  and  Town  Water  Supply;  WeDs 
and  Their  Reinforcement;  Air  Lift  Methods  of  Raising  Water;  Artesian  Wells: 
Irrigation  of  Arid  Districts;  Water  Power;  Water  Wheels;  Pumps  and  Pumping 
Machinery;  Reciprocating  Pumps;  Hydraulic  Power  Transmission:  Hydraulie 
Mining;  Canals;  Ditches:  Conduits  and  Pipe  Lines;  Marine  Hydraulics;  Tidal  and 
Sea  Wave  Power,  etc.    320  pages.    Price 94.60 

ICE  AND  REFRIGERATION 


POCKETBOOK    OF   REFRIGERATION   AND   ICE   MAEING.    By   A.  J. 

Wallis-Taylor. 

This  is  one  of  the  latest  and  most  comprehensive  reference  books  published  on  llN 
subject  of  refrigeration  and  cold  storage.  It  explains  the  properties  and  reArigeratiDl 
effect  of  the  different  fluids  in  use.  the  management  of  refrigerating  machinery  andw 
construction  and  insulation  of  cold  rooms  with  their  required  pipe  surface  tor  diffefOrt 
degrees  of  cold;  freezing  mixtures  and  non-freezing  brines,  temperatures  of  cold  rooon 
for  all  kinds  of  provisions,  cold  storage  charges  for  all  classes  of  goods,  ioe  maklai 
and  storage  of  ice,  data  and  memoranda  for  constant  reference  by  reMgeratixig  engiiiWHy 
with  nearly  one  hundred  tables  containing  valuable  references  to  every  fact  and  COit* 
dition  required  in  the  installment  and  operation  of  a  refdgeratiiig  plant.  Mft 
edition  Just  pubhahod.    Price 9tM 
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INVENTIONS— PATENTS 

INVENTORS'  MANUAL,  HOW  TO  MAKE  A  PATENT  PAY. 

This  is  a  book  designed  as  a  guide  to  inventors  in  perfecting  their  inventions,  taklnff 
out  their  patents  and  disposing  of  them..  It  is  not  in^any  sense  a  Patent  Solicitorii 
Circular  nor  a  Patent  Broker's  Advertisement.  No  advertisements  of  any  description 
appear  in  the  work.  It  is  a  book  containing  a  quarter  of  a  century's  experience  of  a 
successful  inventor,  together  with  notes  based  upon  the  experience  of  many  other 
inventors. 

Among  the  subjects  treated  in  this  work  are:  How  to  Invent.  How  to  Secure  a 
Good  Patent.  Value  of  Good  Invention.  How  to  Exhibit  an  Invention.  How  to 
Interest  Capital.  How  to  Estimate  the  Value  of  a  Patent.  Value  of  Design  Patents. 
ViJue  of  Foreign  Patents.  Value  of  Small  Inventions.  Advice  on  Selling  Patents. 
Advice  on  the  Formation  of  Stock  Companies.  Advice  on  the  Formation  of  Limited 
Liability  Companies.  Advice  on  Disposing  of  Old  Patents.  Advice  as  to  Patent 
Attorneys.  Advice  as  to  Selling  Agents.  Forms  of  Assignments.  License  and  Con- 
tracts. State  Laws  Concerning  Patent  Rights.  1900  Census  of  the  United  States  hy 
Counts  of  Over  10.000  Population.  New  revised  and  enlarged  edition.  144  pages. 
Illustrated.   Price $1.26 

KNOTS 


KNOTS,  SPLICES  AND  ROPE  WORK.    By  A.  Htatt  Verrill. 

This  is  a  practical  book  giving  complete  and  simple  directions  for  making  all  the  mosi 
useful  and  ornamental  knots  in  common  use,  with  chapters  on  Splicing.  Pointing, 
Seizing.  Serving,  etc.  This  book  is  fuUv  illustrated  vnth  one  himdred  and  fifty 
original  engravings,  which  show  how  each  knot,  tie  or  splice  is  formed,  and  its  Skppear' 
ance  when  finished.  The  book  will  be  found  of  the  gi-eatest  value  to  Campers,  Yachts- 
men, Travelers,  Boy  Scouts,  in  fact,  to  anyone  having  occasion  to  use  or  handle  rope 
or  knots  for  any  purpose.  The  book  is  thoroughly  reliable  and  practical,  and  is  not 
only  a  guide,  but  a  teacher.  It  is  the  standard  work  on  the  subject.  Among  the 
contents  are:  1.  Cordage,  Kinds  of  Rope.  Construction  of  Rope,  Parts  of  Kope 
Cable  and  Bolt  Rope.  Strength  of  Rope,  Weight  of  Rope.  2.  Simple  Knots  and 
Bends.  Terms  Used  in  Handling  Rope.  Seizins  Rope.  3.  Ties  and  Hitches.  4. 
Noose,  Loops  and  Mooring  Knots.  5.  Shortenings,  Grommets  and  Salvages.  6. 
LAshings,  Seizings  and  Splices.  7.  Fancy  Knots  and  Rope  Work.  128  pages.  150 
originai  engravings.    Price $1.00 

LATHE  WORK 

LATHE  DESIGN,  CONSTRUCTION,  AND  OPERATION,  WITH  PRACTICAL 
EXAMPLES  OF  LATHE  WORK.    By  Oscar  E.  Perrigo. 

A  new  revised  edition,  and  the  only  complete  American  work  on  the  subject,  written 
by  a  man  who  knows  not  only  how  work  ought  to  be  done,  but  who  also  knows  how 
to  do  it.  and  how  to  convey  this  knowledge  to  others.  It  is  strictly  up-to-date  in  its 
descriptions  and  illustrations.  Lathe  history  and  the  relations  of  the  lathe  to  manu- 
facturing are  given;  also  a  description  of  the  various  devices  for  feeds  and  thread 
cutting  mechanisms  from  early  efforts  in  this  direction  to  the  present  time.  Lathe 
design  is  thoroughly  discussed,  including  back  gearing,  driving  cones,  thread-cutting 

gears,  and  all  the  essential  elements  of  the  modem  lathe.  The  classification  of  lathes 
I  taken  up,  giving  the  essential  differences  of  the  several  types  of  lathes  including, 
as  is  iisuauy  imderstood,  engine  lathes,  bench  lathes,  speed  lathes,  forge  lathes,  gap 
lathes,  pulley  lathes,  forming  lathes,  multiple-spindle  lathes,  rapid-reduction  lathes, 
nredsion  lathes,  turret  lathes,  special  lathes,  electrically-driven  lathes,  etc.  In  addi- 
tton  to  the  complete  exposition  on  construction  and  design,  much  practical  matter  on 
lathe  installation,  care  and  operation  has  been  incorporated  in  the  enlarged  1915  edi- 
tion. All  kinds  of  lathe  attachments  for  drilling,  milling,  etc..  are  described  and 
complete  instructions  are  given  to  enable  the  novice  machinist  to  grasp  the  art  of  lathe 
operation  as  well  as  the  principles  involved  in  design.    A  number  of  difficult  machining 
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I  

operatloiis  are  described  at  length  and  illustrated.  The  new  edition  has  neaily  500 
pages  and  350  illustrations.    Price $8.00 

WHAT   IS   SAID   OP  THIS   BOOK: 

**This  Is  a  lathe  book  from  beginning  to  end.  and  is  Just  the  kind  of  a  book  which  one 
delights  to  consult. — a  masterly  treatment  of  the  subject  in  hand." — Engineering  News. 

**  This  work  will  be  of  exceptional  interest  to  anyone  who  is  interested  In  lathe  practice, 
as  one  very  seldom  sees  such  a  complete  treatise  on  a  subject  as  this  Is  on  the  likthe.''^ 
Canadian  Machinery. 

L^THE  WORK  FOR  BEGINNERS.    By  Raymond  Francis  Yatbs. 

A  simple,  straightforward  textbook  for  those  desiring  to  learn  the  operation  of  a 
wood-turning  or  metal-turning  lathe.  The  first  chapter  tells  how  to  choose  a  lathe 
and  all  of  the  standard  types  on  the  market  are  described.  Simple  and  nic»e  advanced 
lathe  work  is  thoroughly  covered  and  the  operation  of  all  lathe  attachments  such  as 
millers,  grinders,  polishers,  etc.,  is  described.  The  treatment  staurts  finom  the  very 
bottom  and  leads  the  reader  through  to  a  point  where  he  wUl  be  able  to  handle  the 
larger  commercial  machines  with  very  little  instruction.  The  last  chapter  of  the 
book  is  devoted  to  things  to  make  on  the  lathe  and  includes  a  model  rapid-fire  naval 
gun.  This  is  the  only  book  published  in  this  country  that  treats  lathe  work  fhmi 
the  standpoint  of  the  amateur  mechanic.  162  illustrations.  About  250  pages  12mo. 
Price $2.00 

TURNING  AND  BORING  TAPERS.    By  Fred  H.  Colvin. 

There  are  two  ways  to  turn  tapers;  the  right  way  and  one  other.  This  treatise  has 
to  do  with  the  right  way;  it  tells  you  how  to  start  the  work  property,  how  to  set  the 
lathe,  what  tools  to  use  and  how  to  use  them,  and  forty  and  one  other  little  things 
that  you  should  know.    Fourth  edition.    Price 86  eenti 

LIQUID  AIR 

LIQUID  AIR  AND  THE  LIQUEFACTION  OF  GASES.   By  T.  O'Conor  Sloane. 

This  book  gives  the  history  of  the  theory,  discovery,  and  manufacture  of  Liquid  Air, 
and  contains  an  illustrated  description  of  all  the  experiments  that  have  excited  the 
wonder  of  audiences  all  over  the  country.  It  shows  how  liquid  air,  like  watw.  is 
carried  hundreds  of  miles  and  is  handled  in  open  buckets.  It  tells  what  may  be  ex- 
pected from  it  in  the  near  future. 

A  book  that  renders  simple  one  of  the  most  perplexing  chemical  problems  of  the 
century.     Startling  developments  illustrated  by  actual  experiments. 

It  is  not  only  a  work  of  scientiflc  interest  and  authority,  but  is  intended  for  the  general 
reader,  being  written  in  a  popular  style— easily  understood  by  every  one.  Third 
edition.    Revised  and  Enlarged.     394  pages.     1920  Edition.    Price    .     .     .    $8.00 

LOCOMOTIVE  ENGINEERING 


AIR-BRAKE  CATECHISM.    By  Robert  H.  Blackall. 

This  book  is  a  standard  text  book.  It  covers  the  WestinG:house  Air-Brake  BquipmeDk, 
including  the  No.  5  and  the  No.  6  E.  T.  Locomotive  Brake  Equipment;  the  K  (Quick 
Service)  Triple  Valve  for  Freight  Service;  and  the  Cross-Compound  Pump.  Tlie 
operation  of  all  parts  of  the  apparatus  is  explained  in  detail,  and  a  practical  way  of 
finding  their  peculiarities  and  defects,  with  a  proper  remedy,  is  g^ven.  It  contuns 
2,000  questions  with  their  answers,  which  will  enable  any  railroad  man  to  pass  any 
examination  on  the  subject  of  Air  Brakes.  Endorsed  and  used  by  air-brake  instrao* 
tors  and  examiners  on  nearly  every  railroad  in  the  United  States.  27th  £di1ton.  411 
pages,  fully  illustrated  with  colored  plates  and  diagrams.    Price $8J^0 
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COMBUSTION  OF  COAL  AND  THE  PREVENTION  OF  SMOKE.    By  Wm. 
M.  Barb. 

This  book  has  been  prepared  with  special  reference  to  the  generation  of  heat  by  the 
combustion  of  the  common  fuels  found  in  the  United  States  and  deals  particularly 
with  the  conditions  necessary  to  the  economic  and  smokeless  combustion  of  oituminoua 
coal  in  Stationary  and  Locomotive  Steam  Boilers. 

Presentation  of  this  important  subject  is  systematic  and  progressive.  The  ar- 
rangement of  the  book  is  in  a  series  of  practical  questions  to  wmch  are  appended 
accurate  answers,  which  describe  in  language  free  from  technicalities  the  several 
processes  involved  in  the  furnace  combustion  of  American  fuels;  it  clearly  states  the 
essential  requisites  for  perfect  combustion,  and  points  out  the  best  methods  of  furnace 
construction  for  obtaining  the  greatest  quantity  of  heat  ftrom  any  given  quality  of 
coal.     Nearly  350  pages,  fully  illustrated.    Price $1.60 

DIARY  OF  A  ROUND-HOUSE  FOREMAN.    By  T.  S.  Rbillt. 

This  is  the  greatest  book  of  railroad  ezi>eriences  ever  published.  Containing  a  fund  of 
information  and  suggestions  along  the  line  of  handling  men,  organizing,  etc.,  that  ono 
cannot  afford  to  miss.     176  pages.    Price $1.26 

UNK  MOTIONS,  VALVES  AND  VALVE  SETTING.    By  Fbed  H.  Colvin, 
Associate  Editor  of  American  Machinist 

A  handy  book  for  the  engineer  or  machinist  that  clears  up  the  mysteries  of  valve 
setting.  Shows  the  different  valve  gears  in  use.  how  they  work,  and  why.  Pistoit 
and  sflde  valves  of  different  types  are  Illustrated  and  explained.  A  book  that  every 
railroad  man  in  the  motive  power  department  ought  to  have.  Contains  chapters  on 
Locomotive  Link  Motion,  valve  Movements.  Setting  Slide  Valves,  Analysis  by 
Diagrams.  Modem  Practice,  Slip  of  Block,  Slice  Valves.  Piston  Valves,  Setting  Piston 
Valves,  Joy-Allen  Valve  Gear,  Walschaert  Valve  Gear,  Gooch  Valve  Gear,  Alfiree- 
Hubbell  Valve  Gear,  etc.,  etc.    Fully  illustrated.    Price 76  cent* 

LOCOMOTIVE  BOILER  CONSTRUCTION.    By  Frank  A.  Kleinhans. 

The  construction  of  boilers  in  general  is  treated,  and.  following  this,  the  locomotive 
boiler  is  taken  up  in  the  order  in  which  its  various  parts  go  through  the  shop.  Shows 
all  types  of  boilers  used;  gives  details  of  construction;  practical  facts,  such  as  life  of 
riveting,  pimches  and  dies;  work  done  per  day,  allowance  for  bending  and  flanging 
sheets,  and  other  data.  Including  the  recent  Locomotive  Boiler  Inspection  Laws 
and  Examination  Questions  with  their  answers  for  Government  Inspectors.  Contain^ 
chapters  on  Laying  Out  Work;  Flanging  and  Forging;  Punching;  Shearing;  Plate 
Planing;  General  Tables;  Finishing  Parts;  Bending ;  Machinery  Parts;  Riveting; 
Boiler  Details;  Smoke  Box  Details;  Assembling  and  Calking;  Boiler  Shop 
Machinery,  etc.,  etc. 

There  isn't  a  man  who  has  anything  to  do  with  boiler  work,  either  new  or  repair  work, 
who  doesn't  need  this  book.  The  manufacturer,  superintendent,  foreman,  and  boiler 
worker — all  need  it.  No  matter  what  the  type  of  boiler,  you'll  find  a  mint  of  informa- 
tion that  you  wouldn't  be  without.  Over  400  pages,  five  large  folding  plates. 
Price       $8.60 

LOCOMOTIVE  BREAKDOWNS  AND  THEIR   REMEDIES.    By  Geo.   L. 

Fowler.    Revised   by  Wm.  W.  Wood,  Air-Brake  Instructor.    Just  issued. 

Revised  pocket  edition. 

It  is  out  of  the  question  to  try  and  tell  you  about  every  subject  that  is  covered  in  this 
pocket  edition  of  Locomotive  Breakdowns.  Just  imagine  all  the  common  troubles 
that  an  engineer  may  expect  to  happen  some  time,  and  then  add  all  of  the  imexpected 
ones,  troubles  that  could  occur,  but  that  you  have  never  thought  about,  and  you  will 
find  that  they  are  all  treated  with  the  very  best  methods  of  repair.  Walschaert 
Locomotive  Valve  Gear  Troubles,  Electric  HeadUght  Troubles,  as  well  as  Questions 
and  Answers  on  the  Air  Brake  are  all  included.  312  pages.  8th  Revised  Edition. 
Fully  illustrated «    .     .     Si.60 

LOCOMOTIVE  CATECHISM.    By  Robert  Grimshaw. 

.  -  •-■    '■  ' 
The  revised  edition  of  ** Locomotive  Catechism,"  by  Robert  6rini«l^w«  Jflia.N^V  Book 
from  Cover  to  Cover..   It  contains  twice  as  many  pages  and  double  the  number  off 
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illustrations  of  previous  editions.  Includes  the  greatest  amount  of  practical  informa* 
tion  ever  jpubllshed  on  the  construction  and  management  of  modem  looomotiTes. 
Specially  Prepared  Chapters  on  the  Walschaert  Locomotive  Valve  Grear,  the  Ai^ 
Brake  Equipment  and  tne  Electric  Headlight  are  given. 

It  commends  itself  at  once  to  every  Engineer  and  Fireman,  and  to  all  who  are  going  in 
for  examination  or  promotion .  In  plain  language,  with  full,  complete  answers,  not  only 
all  the  questions  asked  bv  the  examining  engineer  are  given,  but  those  which  the 
young  and  loss  experienced  would  ask  the  veteran,  and  which  old  hands  ask  as  "stkdi:- 
ers."  It  is  a  veritable  Encyclopedia  of  the  Locomotive,  is  entirely  free  ffrom  mathe- 
matics, easily  understood  and  thoroughly  up-to-date.  Contains  over  4,000  Examioft* 
tion  Questions  with  their  Answers.  825  pages,  437  illustrations  and  three  foldinx 
plates.     2Sth  Revised  Edition.    Price $2.60 

APPLICATION  OF  mOHLY  SUPERHEATED  STEAM  TO  LOCOMOTIVES. 

By  Robert  Garbe. 

A  practical  book  which  cannot  be  recommended  too  highly  to  those  motive-power 
men  who  are  anxious  to  maintain  the  highest  efficiency  in  their  locomotives.  Con- 
tains special  chapters  on  Generation  of  Highly  Superheated  Steam;  Superheated  Steam 
and  the  Two-Cylinder  Simple  Engine;  Compounding  and  Superheating;  Destgns  of 
Locomotive  Superheaters;  Constructive  Details  of  Locomotives  Using  Highly 
Superheated  Steam.  Experimental  and  Working  Results.  Illustrated  wiUi  foldios 
plates  and  tables.     Cloth.     Price 99.00 

PRACTICAL  INSTRUCTOR  AND  REFERENCE  BOOK  FOR  LOCOMOTIVE 

FIREMEN  AND  ENGINEERS.    By  Chas.  F.  Lockhart. 

An  entirely  new  book  on  the  Locomotive.  It  appeals  to  every  railroad  man,  as  it 
tells  him  how  things  are  done  and  the  right  way  to  do  them.  Written  by  a  man  who 
has  had  years  of  practical  experience  in  locomotive  shops  and  on  the  road  firii^  and 
running.  The  information  given  in  this  book  cannot  be  foimd  in  any  other  similar 
tre^atise.  Eight  hundred  and  fifty-one  questions  with  their  answers  are  included, 
which  will  prove  specially  helpful  to  those  preparing  for  examination.  Practical 
information  on:  The  Construction  and  Operation  of  Locomotives;  Breakdowns  and 
their  Remedies ;  Air  Brakes  and  Valve  Gears.  Rules  and  Signals  are  handled  in  a 
thorough  manner.  As  a  book  of  reference  it  cannot  be  excelled.  The  book  is  divided 
into  six  parts,  as  follows:  1.  The  Fireman's  Duties.  2.  Gen&raX  Description  of  tbe 
Locomotive.  3.  Breakdowns  and  their  Remedies.  4.  Air  Brakes.  5.  Extracts 
firom  Standard  Rules.  6.  Questions  for  Examination.  The  851  questions  have  been 
carefully  selected  and  arranged.  These  cover  the  examinations  required  by  the 
different  railroads.     368  pages.     88  illustrations.    Price $8.00 

PREVENTION  OF  RAILROAD  ACCIDENTS,  OR  SAFETY  IN  RAILROADING. 

By  George  Bradshaw. 

This  book  is  a  heart-to-heart  talk  with  Railroad  Employees,  dealing  with  facts,  not 
theories,  and  showing  the  men  in  the  ranks,  from  everv-day  experi^ice,  how  accidents 
occur  and  how  they  may  be  avoided.  The  book  is  illustrated  with  seventy  (»igiiial 
photographs  and  drawings  showing  the  safe  and  imsafe  methods  of  work.  No  vision!' 
ary  schemes,  no  ideal  pictures.  Just  plain  facts  and  Practical  Suggestions  are  given. 
Every  railroad  employee  who  reads  tne  book  is  a  better  and  safer  man  to  have  in 
railroad  service.  It  gives  just  the  information  which  will  be  the  means  of  preventing 
many  injuries  and  deaths.  All  railroad  employees  should  procure  a  copy;  read  it. 
and  do  your  part  in  preventing  accidents.  169  pages.  Pocket  size.  Fully  illustrated. 
Price SOcenti 

TRAIN  RULE  EXAMINATIONS  MADE  EASY.    By  G.  E.  Collingwood. 

This  is  the  only  practical  work  on  train  rules  in  print.  Every  detail  is  covered,  and 
puzzling  points  are  explained  in  simple,  comprehensive  language,  making  it  a  practical 
treatise  for  the  Train  Dispatcher,  Engineman,  Trainman,  and  all  others  who  ha;vet» 
do  with  the  movements  of  trains.  Contains  complete  and  reliable  information  of  UN 
Standard  Code  of  Train  Rules  for  single  track.  Shows  Signals  in  Colors,  as  used  €• 
the  different  roads.  Explains  fully  the  practical  application  of  train  orders,  gl^inf  | 
clear  and  definite  understanding  of  all  orders  which  may  be  used.  The  meuung  an 
necessity  for  certain  rules  are  explained  in  such  a  manner  that  the  student  may 
beyond  a  doubt  the  rights  conferred  under  any  orders  be  may  receive  or  the 
required  by  certain  rules.  As  nearly  all  roads  require  trainmen  to  pass  regular  < 
nations,  a  complete  set  of  examination  questions,  with  their  answers,  are  ' 
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These  will  enable  the  student  to  pass  the  required  examinations  with  credit  to  himself 
and  the  road  for  which  he  works.  256  pages.  Fully  illustrated  with  Train  Signals 
in  Oolors.    Price $1.60 

HE  WALSCHAERT  AND  OTHER  MODERN  RADIAL  VALVE  GEARS  FOR 

LOCOMOTIVES.    By  Wm.  W.  Wood. 

If  you  would  thoroughly  understand  the  Walschaert  Valve  Gear  you  should  possess  a 
copy  of  this  book,  as  the  author  takes  the  plainest  form  of  a  steam  engine — a  stationary 
engine  in  the  rough,  that  will  only  turn  its  crank  in  one  direction — and  firom  it  builds 
np — with  the  reader's  help — ^a  modem  locomotive  equipped  with  the  Walschaert 
Valve  Gear,  complete.  The  points  discussed  are  clearly  iUustrated;  two  large  folding 
plates  that  show  the  positions  of  the  valves  of  both  inside  or  outside  admission  type,  as 
well  as  the  links  and  other  parts  of  the  gear  when  the  crank  is  at  nine  different  points 
fn  its  revolution,  are  especially  valuable  in  making  the  movement  clear.  These  employ 
sliding  cardboard  models  which  are  contained  in  a  pocket  in  the  cover. 

The  book  is  divided  into  five  genersd  divisions,  as  follows:  1.  Analysis  of  the  gear. 
2.  Designing  and  erecting  the  gear.  3.  Advantages  of  the  gear.  4.  Questions  and 
answers  relating  to  the  Walschaert  Valve  Gear.  5.  Setting  valves  with  the  Wal- 
schaert Valve  Gear;  the  three  primary  types  of  locomotive  valve  motion;  modem 
radial  valve  gears  other  than  the  Walschaert;  the  Hobart  All-ftree  Valve  and  Valve 
Gear,  with  questions  and  answers  on  breakdowns;  the  Baker-Pilliod  Valve  Gear;  the 
Improved  Baker-Pilliod  Valve  Gear,  with  questions  and  answers  on  breakdowns. 

The  questions  with  full  answers  given  will  be  especially  valuable  to  firemen  and  engi- 
neers in  preparing  for  an  examination  for  promotion.  ^245  pages.  Fourth  Revised 
1920  Edition.    Price 92JiO 

TESTINGHOnSE  E-T  AIR-BRAKE  mSTRUCTION  POCKET  BOOK.    By 

Wm.  W.  Wood,  Air-Brake  Instructor. 

Here  is  a  book  for  the  railroad  man,  and  the  man  who  aims  to  be  one.  It  is  without 
doubt  the  only  complete  work  published  on  the  Westinghouse  £-T  Locomotive  Brake 
Equipment.  Written  by  an  Air-Brake  Instructor  who  knowsjust  what  is  needed.  It 
covers  the  subject  thoroughly.  Everything  about  the  New  Westinghouse  Engine  and 
Tender  Brake  Equipment,  including  the  standard  No.  5  and  the  Perfected  No.  6 
s^le  of  brake,  is  treated  in  detail.  Written  in  plain  English  and  profusely  illustrated 
with  Colored  Plates,  which  enable  one  to  trace  the  flow  of  pressures  throughout  the 
entire  equipment.  The  best  book  ever  published  on  the  Air  Brake.  Equally  good  for 
the  beginner  and  the  advanced  engineer.  Will  pass  any  one  through  any  examination. 
It  informs  and  enlightens  you  on  every  point.  Indispensable  to  every  engineman  and 
trainman. 

C!ontains  examination  questions  and  answers  on  the  E-T  equipment.  Ck)vering  what 
the  E-T  Brake  is.  How  it  should  be  operated.  What  to  do  when  defective.  Not  a 
question  can  be  asked  of  the  engineman  up  for  promotion,  on  either  the  No.  6  or  the 
No.  6  E^T  equipment,  that  is  not  asked  and  answered  in  the  book.  If  you  want  to 
thoroughly  understand  the  E-T  equipment  get  a  copy  of  this  book.  It  covers  every 
detail.  Makes  Air-Brake  troubles  and  examinations  easy.  Second  Revised  and 
Enlarged  Edition,  1920.    Price $80^0 

MACHINE-SHOP  PRACTICE 


aiERICAN  TOOL  UfAKING  AND  INTERCHANGEABLE  MANUFACTUR- 
ING.    By  J.  V.  WOODWORTH. 

A  **  shoppy  "  book,  containing  no  theorizing,  no  problematical  or  experimental  devices, 
there  are  no  badly  proportioned  and  impossible  diagrams,  no  catEilogue  cuts,  but  a 
valuable  collection  of  dravrings  and  descriptions  of  devices,  the  rich  fHiits  of  the  author's 
own  experience.  In  its  500-odd  pages  the  one  subject  only.  Tool  Making,  and  what- 
ever relates  thereto,  is  dealt  with.  The  work  stands  without  a  rival.  It  is  a  complete 
practical  treatise  on  the  art  of  American  Tool  Making  and  system,  of  interchangeable 
manufacturing  as  carried  on  to-day  in  the  United  States.  In  it  are  described  and 
Illustrated  all  of  the  different  types  and  classes  of  small  tools,  fixtures,  devices,  and 
apecUiX  appliances  which  are  in  general  use  in  all  machine-manufacturing  and  metal- 
working  establishments  where  economy,  capacity,  and  interchangeability  in  the  pro- 
duction of  machined  metal  parts  are  imperative.  The  science  of  jig  making  is  exhaos- 
ttvely  discussed,  and  particular  attention  is  paid  to  drill  jigs,  boring,  profiling  and  miUiiig 
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fixtures  and  other  devices  in  which  the  parts  to  be  machined  are  located  and  fastened 
within  the  contrivances.  All  of  the  tools,  fixtures,  and  devices  illustrated  and  de- 
scribed have  been  or  are  used  for  the  actual  production  of  work,  such  as  parts  of  drill 
presses,  lathes,  patented  machinery,  typewriters,  electrical  apparatus,  mftrhAnififti  ap- 
pliances,  brass  goods,  composition  parts,  mould  products,  sheet  metal  articles,  drop- 
rorgings.  jewelry,  watches,  medals,  coins,  etc.     531  pages.    Price   ....     $4.60 

MACHINE-SHOP  ARITHMETIC.    By  Ck)LviN-CHBNBT. 

This  is  an  arithmetic  of  the  things  you  have  to  do  with  daily.  It  tells  you  plainly 
about:  how  to  find  areas  in  figures;  how  to  find  surface  or  volume  of  baUs  or  sphoa; 
handy  ways  for  calculating;  about  compound  gearing;  cutting  screw  threads  on  any 
lathe;  drilling  for  taps;  speeds  of  drills;  taps,  emery  wheels,  grindstones,  miiling 
cutters,  etc. :  all  about  the  Metric  system  with  conversion  tables;  properties  of  metals; 
strength  of  bolts  and  nuts ;  decimal  equivalent  of  an  inch.  All  sorts  of  machine-shop 
figuring  and  1,001  other  things,  any  one  of  which  ought  to  be  worth  more  Uian 
the  price  of  this  book  to  you,  and  it  saves  you  the  trouble  of  bothering  the  boss.  6th 
edition.     131  pages.    Price 76  eenti 

MODERN  MACHINE-SHOP  CONSTRUCTION,  EQUIPMENT  AND  MAN- 
AGEMENT.    By  Oscar  E.  Perrigo. 

The  only  work  published  that  describes  the  Modem  Shop  or  Manufacturing  Plant 
ftrom  the  time  the  grass  is  growing  on  the  site  intended  for  it  until  tiie  finished  product 
is  shipped.  Just  the  book  needed  by  those  contemplating  the  erection  of  modem  shop 
buildups,  the  rebuilding  and  reorganization  of  old  ones,  or  the  introduction  of  Modern 
Shop  Methods,  time  and  cost  systems.  It  is  a  book  written  and  illustrated  by  a  prao- 
ticaf  shop  man  for  practical  shop  men  who  are  too  busy  to  read  theories  and  want  facts. 
It  Is  the  most  complete  all-round  book  of  its  kind  evec  published.  400  large  qmurto 
pages.  225  originsd  and  specially-made  illustrations.  2d  Revised  and  enlarged 
smtion.    Price $5.00 

«*SHOP  KINKS."    By  Robert  Grimshaw. 

A  book  of  400  pages  and  222  illustrations,  being  entirely  different  firom  any  other 
book  on  machine-shop  practice.  Departing  from  conventional  style,  the  author 
avoids  universal  or  common  shop  usage  and  limits  his  work  to  showing  special  wayi 
of  doing  things  better,  more  cheaply  and  more  rapidly  than  usual.  Aa  a  result  the 
advanced  methods  of  representative  establishments  of  the  world  are  placed  at  the 
disposal  of  the  reader.  This  book  shows  the  proprietor  where  large  savings  are  possiUe, 
ana  how  products  may  be  improved.  To  the  employee  it  holds  out  sugjgestions  that, 
properly  applied,  will  hasten  ms  advancement.  No  shop  can  afford  to  be  without  it 
it  bristles  with  valuable  wrinkles  and  helpful  suggestions.  It  will  benefit  all.  from 
apprentice  to  proprietor.  Every  machinist,  at  any  age,  should  study  its  pages.  Fifth 
edition.    Price $8.00 

THREADS  AND  THREAD  CUTTING.     By  Colvin  and  Stabbl. 

This  clears  up  many  of  the  mvsteries  of  thread-cutting,  such  as  double  and  triple 
threads,  internal  threads,  catching  threads,  use  of  hobs,  etc.  Ck)ntains  a  lot  of  uselttl 
hints  and  several  tables.     Third  edition.    Price 86  eeati 

EVERYDAY  ENGINEERING— THE  BEST  MECHANICAL  MAGAZINE  01! 
THE  MARKET.  ONLY  TWO  DOLLARS  A  YEAR  FOR  TWELVl 
NUMBERS.    SUBSCRIBE  TO-DAY. 

Every  practical  man  needs  a  magazine  which  will  tell  him  how  to  make  and  do  thlii8i> 
A  monthly  magazine  devoted  to  practical  mechanics  for  every-day  men.  Its  almii 
to  popularize  engineering  as  a  sdence.  teaching  the  elements  of  applied  mechairifli 
and  electricity  in  a  straightforward  and  understandable  manner.  The  magMJiw 
maintains  its  own  experimental  laboratory,  where  the  devices  described  in  artfCHi 
submitted  to  the  Editor  are  first  tried  out  and  tested  before  they  are  publiahed.  Tlfe 
important  innovation  places  the  standard  of  the  published  material  very  Idgli,  an 
it  insures  acciu'acy  and  dependability. 

The  magazine  is  the  only  one  in  this  country  that  specializes  In  practical  model  hdUe 
Ing.  Articles  in  past  issues  have  given  comprehenave  designs  for  many  model  tXMllb 
including  submarines  and  chasers,  model  steam  and  gasoline  engines,  electaic 
and  generators,  etc.,  etc.    This  feature  is  a  permanent  one  in  the  "*»gft«*iifti 
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Another  populajr  department  is  that  devoted  to  automobiles  and  airplanes.  Care, 
maintenance,  and  operation  receive  full  and  authoritative  treatment.  Every  article 
is  written  ftx>m  the  practical,  every-day  man  standpoint,  rather  than  firem  that  of  the 
professional. 

The  magazine  entertains  while  it  instructs.  It  is  a  journal  of  practical,  dependable 
information,  given  in  a  style  that  it  may  be  readily  assimilated  and  applied  by  the 
man  with  little  or  no  technical  training.  The  aim 'is  to  place  before  the  man  who 
leans  toward  practical  mechanics  a  series  of  condse,  crisp,  readable  talks  on  what 
is  going  on  and  how  it  is  done.  These  articles  are  profusely  illustrated  with  clear, 
snappy  photographs,  specially  posed  to  illustrate  the  subject  in  the  magazine's  own 
studio  by  its  own  staff  of  technically-trained  illustrators  and  editors. 

The  subscription  price  of  the  magazine  Is  $2.00  per  year  of  tweKe  numberf* 
Sample  copy  sent  on  receipt  of  twenty  cents. 

Enter  your  subscription  to  this  practical  magazine  with  us. 

THE  WHOLE  FIELD  OF  MECHANICAL  MOVEMENTS 
COVERED  BY  MR.  HISCOX'S  TWO  BOOKS 


We  publish  two  books  by  Gardner  D.  Hiscox  that  will  keep  you  from  *' inventing*'  (hings 
that  nave  been  done  before,  and  suggest  ways  of  doing  things  that  you  have  not  thought  of 
hefore.  Many  a  man  spends  time  and  money,  pondering  over  some  mechanical  problem, 
only  to  learn,  after  he  has  solved  the  problem,  that  the  same  thing  has  been  accomplished 
ana  put  in  practice  by  others  long  before.  Time  and  money  spent  in  an  effort  to  accomr 
plish  what  has  already  been  accomplished  are  time  and  money  LOST.  The  whole  field 
of  mechanics,  every  krwum  mechanical  movement,  and  practically  every  device  is  covered 
by  these  two  books.  If  the  thing  you  want  has  been  invented,  it  is  illustrated  in  them.  If 
it  hasn't  been  invented,  then  you'll  find  in  them  the  nearest  things  to  what  you  want,  some 
movements  or  devices  that  vnll  apply  in  your  case,  perhaps;  or  which  will  give  you  a  key 
from  which  to  work.  No  book  or  set  of  oooks  ever  publisMd  is  of  more  real  value  to  mk 
Inventor^  Draftsman,  or  practical  Mechanic  than  the  two  volumes  described  below. 

MECHANICAL  MOVEMENTS,  POWERS,  AND  DEVICES.    By  Gardner  D. 
Hiscox. 

This  is  a  collection  of  1.890  engravings  of  different  mechanical  motions  and  appliances, 
accompanied  by  appropriate  text,  making  it  a  book  of  great  valiie  to  the  inventor, 
the  draftsman,  and  to  all  readers  with  mechanical  tastes.  The  book  is  divided*  into 
eighteen  sections  or  chapters,  in  which  the  subject-matter  is  classified  imder  the  follow- 
ing heads:  Mechanical  Powers;  Transmission  of  Power;  Measurement  of  Power; 
Steam  Power;  Air  Power  Appliances;  Electric  Power  and  Construction;  Navigation 
and  Roads:  Gearing;  Motion  and  Devices;  Controlling  Motion;  Horological; 
Mining;  Mill  and  Factory  Appliances;  Construction  and  Devices;  Drafting  Devices; 
Miscellaneous  Devices,  etc.     15th  edition  enlarged.    400  octavo  pages.    Price  .  94.00 

MECHANICAL  APPLIANCES,  MECHANICAL  MOVEMENTS  AND  NOVEL- 
TIES OF  CONSTRUCTION.    By  Gardner  D.  Hiscox. 

This  is  a  supplementary  volume  to  the  one  upon  mechanical  movements.  Unlike  the 
first  volume,  which  is  more  elementary  in  character,  this  volume  contains  illustrations 
and  descriptions  of  many  combinations  of  motions  and  of  mechanical  devices  and 
appliances  found  in  different  lines  of  machinery,  each  device  being  shown  by  a  line 
drawing  with  a  description  showing  its  working  parts  and  the  method  of  operation. 
From  we  multitude  of  devices  described  and  illustrated  might  be  mentioned,  in 
passing,  such  items  as  conveyors  and  elevators,  Prony  brakes,  thermometers,  various 
^pes  of  boilers,  solar  engines,  oil-fuel  burners,  condensers,  evaporators.  Corliss  and 
Other  valve  gears,  governors,  gas  engines,  water  motors  of  various  descriptions,  air- 
ships, motors  and  dynamos,  automobile  and  motor  bicycles,  railway  lock  signals, 
car  couplers,  Unk  and  gear  motions,  ball  bearings,  breech  block  mechanism  for  heavy 
guns,  and  a  large  accumulation  of  others  of  equal  importance.  1,000  specially  made 
engravings.    396  octavo  pages.    4th  Edition  enlarged.     Price !$4.00 
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MACHINE-SHOP  TOOLS  AND  SHOP  PRACTICE.    By  W.  H.  Vaitobbvoobt. 

A  work  of  555  pages  and  673  illustrations,  describing  in  every  detail  the  constaruction, 
operation,  and  manipulation  of  both  hand  and  machine  tools.  Includes  chapten 
on  filing,  fitting,  and  scraping  surfaces;  on  drills,  reamers,  taps,  and  dies;  the  bthe 
and  its  tools;  planers,  shapers.  and  their  tools;  milling  machines  and  cutters;  gear 
cutters  and  gear  cutting;  drilling  machines  and  drill  work;  grinding  machines  and 
their  work;  hardening  and  tempering;  gearing,  belting,  and  transmission  madiinery; 
useful  data  and  tables.     6th  edition.    Price 944(0 

COMPLETE  PRACTICAL  MACHINIST.    By  Joshua  Rose. 

The  new,  twentieth  revised  and  enlarged  edition  is  now  ready.  This  is  one  of  the 
best-known  books  on  machine-shop  work,  and  written  for  the  practical  workman 
in  the  language  of  the  workshop.  It  gives  full,  practical  instructions  on  the  use  of 
all  kinds  of  metal-working  tools,  both  hand  ana  machine,  and  tells  how  the  yroik 
should  be  properly  done.  It  covers  lathe  work,  vise  work,  drills  and  drilling,  taps 
and  dies,  hardening  and  tempering,  the  making  and  use  of  tools,  tool  grinding,  mail- 
ing out  work,  machine  tools,  etc.  No  machinist's  library  is  complete  without  this 
volume.     547  pages,  432  illustrations.     1920.     Price $8.00 

HENLEY»S  ENCYCLOPEDIA  OF  PRACTICAL  ENGINEERING  AND  ALLIED 
TRADES.    Edited  by  Joseph  G.  Horner,  A.M.I.Mech.E. 

This  book  covers  the  entire  practice  of  Civil  and  Mechanical  Engineering.  The 
best  known  experts  in  all  branches  of  engineering  have  contributed  to  these  volumes. 
The  Cyclopedia  is  admirably  well  adapted  to  the  needs  of  the  beginner  and  the  self- 
taught  practical  man,  as  well  as  the  mechanical  engineer,  designer,  'draftsman,  shop 
superintendent,  foreman  and  machinist. 

It  is  a  modem  treatise  in  five  volmnes.     Handsomely  boimd  in  half  morocco,  eadi 
volume  containing  nearly  500  pages,  with  thousands  of  illustrations,  including  di»-  t|| 
grammatic  and  sectional  drawings  with  full  explanatory  details.     For  the  complete 
set  of  five  volumes.     Price $80*00 

MODEL  MAKING  Including  Workshop  Practice,  Design  and  Construction  of 
Models.  Edited  by  Raymond  F.  Yates.  Editor  of  "Everyday  Engineering 
Magazine.'' 

This  book  doe^  not  describe  the  construction  of  toys.  Its'pages  are  devoted  to  modSi 
engineering  and  the  mechanical  sciences  associated  with  it.  It  contains  descriptiooi 
with  illustrations  of  the  complete  models  made  by  some  of  the  leading  model  eocSneen 
in  this  coimtry.     It  is  th6  only  book  published  on  this  important  subject. 

The  first  part  of  the  book  is  devoted  to  the  mechanical  sciences  and  processes  related 
to  model  engineering  and  mechanics  in  general.  To  the  inexperienced  workman,  who 
wishes  to  make  models  but  is  untrained  in  the  fundamental  mechanics,  this  book  irill 
afford  all  the  information  necessary.  For  the  experienced  mechanic,  there  are  t«miy  I 
hints  and  short  cuts  that  will  be  found  helpful.  Few  mechanics,  no  matter  how  veft  I 
trained,  know  how  to  make  their  own  patterns.  Yet  a  complete  treatise  on  this  im*  I 
portant  craft  is  given.  The  same  holds  true  in  regard  to  the  intelligent  use  of  abrastfei 
in  the  home  shop.  This,  too,  is  completely  covered  in  a  way  that  will  not  only  help  tStl 
beginner  but  teach  the  trained  man  a  few  things  that  he  may  not  have  under^ooli 
before.  In  short,  the  fore  part  of  the  book  will  prepare  men  to  more  thoroughly  und 
stand  the  processes  connected  with  model  making  no  matter  what  their  standing. 
This  book  will  help  you  to  become  a  better  mechanic.  Itis  full  of  suggestions  for  tlMVIj 
who  like  to  make  things,  amateur  and  professional  alike.  It  hasVbeen  prepared  0*1 
pecially  for  men  with  mechanical  hobbies.  Some  may  be  engineers,  machim^  Jm 
elers,  pattern  makers,  oflBce  clerks  or  bank  presidents.  Men  from  various  waltair'^ 
life  have  a  peculiar  interest  in  model  engineering.  Model  Making  will  be  a  b^ 
an  inspiration  to  such  men.  It  tells  them  "how-to-do"  and  "how-to-make" 
in  simple,  understandable  terms.  Not  only  this,  it  is  full  of  good,  clear  wu 
drawings  and  photographs  of  the  models  and  apparatus  described.  Each  modBll 
been  constructed  and  actually  works  if  it  is  made  according  to  directions.  375 
800  illustrations.     Price 
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P  PRACTICE  FOR  HOME  MECHANICS.    By  Raymond  Francis  Yates. 

thoroughly  practical  and  helpful  treatment  prepared  especially  for  those  who  have 
d  Uttle  or  no  experience  in  shop  work.  The  introduction  is  given  over  to  an  ele- 
nt-ary  explanation  of  the  fundamentals  of  mechanical  science.  This  is  followed 
several  chapters  on  the  use  of  small  tools  and  mechanical  measuring  instruments, 
^mentary  and  more  advanced  lathe  work  is  treated  in  detail  and  directions  given 
the  construction  of  a  number  of  useful  shop  appliances.  Drilling  and  reaming, 
it  treatment  of  tool  steel,  special  lathe  operations,  pattern  making,  grinding,  and 
nding  operations,  home  foundry  work,  etc.,  make  up  the  rest  of  the  volume.  The 
)k  omits  nothing  that  will  be  of  use  to  those  who  use  tools  or  to  those  who  wish 
learn  the  use  of  tools.  The  great  number  of  clear  engravings  (over  300)  add 
mendously  to  the  text  matter  and  to  the  value  of  the  volume  as  a  visual  instructor, 
tavo,  about  350  pages.    309  engravings.     Price $8.00 


MARINE  ENGINEERING 


NAVAL  ARCHITECT'S  AND   SHIPBUILDER'S  POCKETBOOK.    Of 

rmulae,  Rules,  and  Tables  and  Marine  Engineer's  and  Surveyor's  Handy 
ok  of  Reference.    By  Clement  Mackrow  and  Lloyd  Woollard. 

e  eleventh  revised  and  enlai^ed  edition  of  this  most  comprehensive  work  has  Just 
;n  issued.  It  is  absolutely  indispensable  to  all  engaged  in  the  Shipbuilding  Industry, 
It  condenses  into  a  compact  form  all  data  and  formulae^that  are  ordinarily  required, 
e  book  is  completely  up  to  date,  including  among  other  subjects  a  section  on 
ronautics.     750  pages,  limp  leather  binding.     Price $6.00 

INE  ENGINES  AND  BOILERS— THEIR  DESIGN  AND  CONSTRUC- 
ON.  THE  STANDARD  BOOK.  By  Dr.  G.  Bauer,  Leslie  S.  Robertson 
i  S.  Bryan  Donkin.  i 

the  words  of  Dr.  Bauer,  the  present  work  owes  its  origin  to  an  oft  felt  want  of  a 
Ldensed  treatise  embodying  the  theoretical  and  practical  rules  used  in  designing 
rine  engines  and  boilers.  The  need  of  such  a  work  has  been  felt  by  most  en- 
eers  engaged  in  the  construction  and  working  of  marine  engines,  not  only  by  the 
mger  men,  but  also  by  those  of  greater  experience.  The  fact  that  the  onginal 
rman  work  was  written  by  the  chief  engineer  of  the  famous  Vulcan  Works,  Stettin, 
n  itself  a  guarantee  that  this  book  is  in  all  respects  thoroughly  up-to-date,  and 
,t  it  embodies  all  the  information  which  is  necessary  for  the  design  and  construction 
the  highest  types  of  marine  engines  and  boilers.  It  may  be  said  that  the  motive 
irer  which  Dr.  Bauer  has  placed  in  the  fast  German  liners  that  have  been  turned 
;  of  late  years  from  the  Stettin  Works  represent  the  very  best  practice  in  marine 
Sneering  of  the  present  day.  The  work  is  clearly  written,  thoroughly  systematic, 
oretically  sound;  while  the  character  of  the  plans,  drawings,  t>ables,  ana  statistics 
without  reproach.  The  illustrations  are  careful  reproductions  from  actual  working 
twings,  with  some  well-executed  photographic  views  of  completed  engines  and 
lers.     744  pages.   550  illustrations,  and  numerous  tables.    Cloth.    Price.     $10.00 

ERN  SUBMARINE  CHART.  ^ 

:nx)ss-section  view,  showing  clearly  and  distinctly  all  the  interior  of  a  Submarine 
bhe  latest  type.  You  get  more  information  from  this  chart  about  the  construction 
1  operation  of  a  submarine  than  in  any  other  way.  No  details  omitted— every- 
ng  is  accurate  and  to  scale.  It  is  absolutely  correct  in  every  detail,  having  been 
>roved  by  naval  engineers.  All  the  machinery  and  devices  fitted  in  a  modem 
omarine  Boat  are  shown,  and  to  make  the  engraving  more  readily  understood 
the  features  are  shown  in  operative  form,  with  Officers  and  Men  in  the  act  of  per- 
ming the  duties  assigned  to  them  in  service  conditions.  THIS  CHART  IS  RE ALXiY 
r  ENCYCLOPEDIA  OF  A  SUBMARINE.  It  is  educational  and  worth  many 
les  its  cost.    Mailed  in  a  tube  for 25  eenfi 
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MANUAL  TRAINING 

BCONOIOCS  OF  MANUAL  TRAINING.    By  Louis  Roxtillion. 

The  only  book  published  that  gives  just  the  information  needed  by  all  interested  in 
Manual  Training,  r^arding  Buildings.  Bquipment.  and  Supplies.  Shows  exactly 
what  is  needed  lor  all  grades  of  the  work  from  the  Kinderntrten  to  the  High  and 
Normal  School.  Gives  itemized  lists  of  everything  used  in  Manual  Training  WoA 
and  tells  just  what  it  ought  to  cost.  Also  shows  where  to  buy  supplies,  etc.  Contains 
174  pages,  and  is  fully  iUustrated.     2d  edition.    Price $2.00 

MINING 

PROSPECTOR'S  FIELD-BOOK  AND  GUIDE.    By  H.  S.  Osborn. 

Ninth  edition,  revised  and  enlarged  by  M.  W.  von  Bemewitz.  The  last  edition  of 
this  volume  was  published  in  1910.  It  and  the  previous  seven  editions  were  suitable 
for  those  times.  The  new  ninth  (1920)  edition  will  be  found  suitable  for  the  present 
time.  While  the  old-time  prosi>ector  will  always  be  an  important  factor,  the  knowl- 
edge of  and  search  for  the  common  and  rarer  minerals  is  bringing  out  men  who  are 
trained  to  some  degree.  In  the  field  they  need  a  handy  and  suggestive  podcet-book 
containing  hints  on  prospecting — where  to  search  and  how  to  test — couched  in  simple 
tennis.  The  chapter  on  preliminary  instructions  covers  the  fundamraitals  of  a  stiKty 
of  the  earth's  crust.  Then  follow  discussions  on  practical  mineralogy,  cnrstallo^- 
raphy,  the  value  of  the  blowpipe  in  prospecting,  survesring,  and  chemical  tests  m 
the  field.  Separate  chapters  are  given  to  the  precious  and  base  metals,  idso  to  the 
non-metallic  minerals.  The  chapter  on  the  non-ferrous  or  alloy  group  of  minerals 
is  entirely  new,  while  the  section  on  oil  has  been  expanded.  Surfidal  Indications  for 
copper  receive  full  attention.  The  chapter  on  gems  has  been  rewritten  and  matters 
concerning  gemstones  used  for  industrial  purposes,  such  as  abrasives,  included.  A  gen- 
eral chapter  covers  many  useful  minerals  and  salts.  An  important  guide  and  sugges- 
tive aid  throughout  the  new  book  are  the  many  brief  descriptions  of  ore  deposits 
of  all  minerals  occurring  in  scattered  parts  of  the  world.  No  other  prospector's  book 
contains  this  class  of  information.  In  the  appendix  will  be  found  numbers  of  useful 
tables,  and  a  complete  glossary  of  mining  and  mineralogical  terms.  The  ninth  edition 
of  Osbom's  Prospector's  Field  Book  and  GuroE  will  be  found  up  to  date,  worth 
while,  and  full  value  for  the  money  asked.  Flexible  fabrikoid.  375  pages.  57 
illustrations.    Price $8.00 

PATTERN  MAKING 

PRACTICAL  PATTERN  MAKING.    By  F.  W.  Bakbows. 

This  book,  now  in  its  second  edition,  is  a  comprehensive  and  entirely  practical  treatise 
on  the  subject  of  pattern  making,  illustrating  pattern  work  in  both  wood  and  metal 
and  with  definite  instructions  on  the  use  of  plaster  of  Paris  in  the  trade.  It  0ves 
specific  and  detailed  descriptions  of  the  materials  used  bv  pattern  makers  and  de> 
scribes  the  tools,  both  those  for  the  bench  and  the  more  interesting  madiine  tools; 
having  complete  chapters  on  the  Lathe,  the  Circular  Saw.  and  the  Band  Saw.  It  gives 
manv  examples  of  pattern  work,  each  one  fully  illustrated  and  explained  with  much 
detail.  These  examples,  in  their  great  variety,  offer  much  that  will  be  found  of 
interest  to  all  pattern  makers,  and  especially  to  the  younger  ones,  who  are 
information  on  the  more  advanced  branches  of  their  trade. 

In  this  second  edition  of  the  work  will  be  foimd  much  that  is  new.  even  to  those  iHio 
have  lon^  practised  this  exacting  trade.  In  the  description  of  patterns  as  adapted 
to  the  Momding  Machine  many  difficulties  which  have  long  prevented  the  rapid  and 
economical  production  of  castings  are  overcome;  and  this  great,  new  branch  of  the 
trade  is  given  much  space.  Stripping  plate  and  stool  plate  work  and  the 
sive  vibrator,  or  rapping  plate  work,  are  all  explained  in  detail. 

Plain,  everyday  rules  for  lessening  the  cost  of  patterns,  with  a  complete  ffirstem  d 
cost  keeping,  a  detailed  method  of  marking,  applicable  to  all  branches  of  the  tade^ 
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th  complete  information  showing  what  the  pattern  is,  its  spedflc  title,  its  cost, 
te  of  production,  material  of  which  it  is  made,  the  number  of  pieces  and  core- 
xes,  and  its  location  in  the  pattern  safe,  all  condensed  into  a  most  complete  cakid 
x)rd,  with  cross  index. 

le  book  closes  with  an  original  and  practical  method  for  the  inventory  and  valua- 
n  of  patterns.    Containing  nearly  350  pages  and  170  illustrations.    I^ce  .     98.60 

MOTOR  BOATS 

OR  BOATS  AND  BOAT  MOTORS.  By  Victor  W.  Pag6  and  A.  C.  Leitch. 

.  who  are  interested  in  motor  boats,  either  as  owners,  builders  or  repairmen  will 
d  this  latest  work  a  most  comprehensive  treatise  on  the  design,  construction,  opera- 
n  and  repair  of  motor  boats  and  their  power  plants.  It  is  really  two  complete 
3ks  in  one  cover  as  it  consists  of  two  parts,  each  complete  in  itself.  Part  One  deids 
:h  The  Hull  and  Its  FrmNOS,  Part  Two  considers  The  Power  Plant  and  Its 
laLLARiES.  A  valuable  feature  of  this  book  is  the  complete  set  of  dimensioned 
rklng  drawings  detaUing  the  construction  of  five  different  types  of  boats  ranging 
m  a  16-foot  shallow  draft,  timnel  stem  general  utility  craft  to  a  25-foot  cabin 
liser.  These  plans  are  by  A.  C.  Leitch,  a  practical  boat  builder  and  expert  naval 
ihitect  and  are  complete  in  every  particular.  Full  instructions  are  given  for  the 
action  of  a  power  plant  and  its  installation  in  the  hull.  Valuable  advice  is  included 
boat  and  engine  operation  and  latest  designs  of  motors  are  described  and  illustrated, 
e  instructions  for  overhauling  boat  and  engine  are  worth  many  times  the  small 
it  of  the  book.  It  is  a  comprehensive  work  of  reference  for  all  interested  in  motor 
uting  in  any  of  its  phases.  Octavo.  Cloth.  350  illustrations.  500  pages, 
ice $4.00 

PERFUMERY 

^UMES  AND  COSMETICS,  THEIR  PREPARATION  AND  MANUFAC- 
FRE.    By  G.  W.  Askinbon,  Perfumer. 

x>mprehensive  treatise,  in  which  there  has  been  nothing  omitted  that  could  be  of 
ue  to  the  perfumer  or  manufacturer  of  toilet  preparations.     Complete  directions 

making  handkerchief  perfumes,  smelling-salts,  sachets,  fumigating  pastilles: 
)parations  for  the  care  of  the  skin,  the  mouth,  the  hair,  cosmetics,  hair  dyes  and 
ler  toilet  articles  are  given,  also  a  detailed  description  of  aromatic  substances;  their 
}ure,  tests  of  purity,  and  wholesale  manufacture,  including  a  chapter  on  synthetic 
Kiucts,  with  formulas  for  their  use.  A  book  of  general,  as  well  as  professional  in- 
est,  meeting  the  wants  not  only  of  the  druggist  and  perfume  manufacturer,  but 
0  of  the  general  public.  Among  the  contents  are:  1.  The  History  of  Perfumery. 
About  Aromatic  Substances  in  General.  3.  Odors  from  the  Vegetable  Kingdom. 
The  Aromatic  Vegetable  Substances  Employed  in  Perfumery.  5.  The  Animal  Sub- 
nces  Used  in  Perfumery.  6.  The  Chemical  roducts  Used  in  Perfumery.  7.  TheEx- 
ction  of  Odors.  8.  The  Special  Characteristics  of  Aromatic  Substances.  9.  The  Adul- 
ation of  Essential  Oils  and  Their  Recognition.  10.  Synthetic  Products.  11.  Table  of 
^sical  Properties  of  Aromatic  Chemicals.  12.  The  Essences  of  £xtracts  Employed 
Perfumery.     13.  Directions  for  Making  the  Most  Important  Essences  and  Extracts. 

The  Division  of  Perfumery.     15.   The  Manufacture  of  Handkerchief  Perfumes. 

Formulas  for   Handkerchief   Perfumes.     17.  Ammoniacal   and   ^cid  Perfumes. 

Dry  Perfumes.     19.  Formulas  for  Dry  Perfumes.     20.  The  Perfumes  Used  for 

migation.     21.  Antiseotic  and  Therapeutic  Value  of  Perfumes.     22.  Classification  of 

ors.     23.  Some  Soecial  Perfumery  Products.     24.  Hygiene  and  Cosmetic  Perfumery. 

Preparations  for  th©  Care  of  the  Skin.     26.  Manufacture  of  Casein.     27.  Formulas 

Emulsions.  28.  Formulas  for  Cream.  29.  Formulas  for  Meals,  Pastes  and  Vege- 
Ae  Milk.  30.  Preparations  Used  for  the  Hair.  31.  Formulas  for  Hair  Tonics  and 
storers.  32.  Pomades  and  Hair  Oils.  33.  Formulas  for  the  Manufacture  of 
tnades  and  Hair  Oils.  34.  Hair  Dyes  and  Depilatories.  35.  Wax  Pomades,  Bando- 
98  and  Brilliantines.  36.  Skin  Cosmetics  and  Face  Lotions.  37.  Preparations  for 
)  Nails.  38.  Water  Softeners  and  Bath  Salts.  39.  Preparations  for  the  Care  of  the 
>uth.    40.  The  Colors  Used  in  Perfumery.    41.  The  utensils  Used  in  the  Toileti 
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Fourth  edition  much  enlarged  and  brought  up-to-date.  Nearly  400  pages,  ilhis- 
trated.    Price 96.00 

WHAT  IS  SAID  OF  THIS  BOOK: 

••  The  most  satisfactory  work  on  the  subject  of  Perfumery  that  we  have  ever  seen. 
••  "We  feel  safe  in  saying  that  here  is  a  book  on  Perfumery  that  will  not  disappoint  yon, 
for  it  has  practical  and  excellent  formuls  that  are  within  your  ability  to  prepare 
readily. 

••  We  recommend  the  volume  as  worthy  of  confl4ence,  and  say  that  no  purchaser  will  be 
disappointed  in  securing  from  its  pages  good  value  for  its  cost,  and  a  large  dividend 
on  the  same,  even  if  he  should  use  but  one  per  cent  of  its  working  formulje.  Tbere 
is  money  in  it  for  every  user  of  its  information." — Pharmaceutical  Record. 

HENLEY'S    TWENTIETH   CENTURY  BOOK   OF  RECIPES,  FORMULAS 
AND  PROCESSES.    Edited  by  G.  D.  Hiscox. 

The  most  valuable  techno-chemical  receipt  book  published.  Contains  over  10,000 
practical  receipts,  many  of  which  will  prove  of  special  value  to  the 
perfumer.    Cloth  Bound.     Price $4.00 

PLUMBING 

MECHANICAL  DRAWING  FOR  PLUMBERS.    By  R.  M.  Stabbuck. 

A  concise,  comprehensive  and  practical  treatise  on  the  subject  of  mechanical  drawins 
in  its  various  modem  applications  to  the  work  of  all  who  are  in  any  way  connectea 
with  th&  plumbing  trade.  >iothing  will  so  help  the  plumber  in  estimating  and  in 
explaining  work  to  customers  and  workmen  as  a  knowledge  of  drawing,  and  to  tiie 
workman  it  is  of  inestimable  value  if  he  is  to  rise  Above  his  position  to  positions  (^ 
greater  responsibUity.  Among  the  chapters  contained  are:  1.  Value  to  plumber  of 
uiowledge  of  drawing;  tools  required  and  their  use;  common  views  needed  in  mechan- 
ical drawing.  2.  Perspective  versus  mechanical  drawing  in  showing  plumbing  con- 
struction. 3.  Correct  and  incorrect  methods  in  plumbing  drawing;  plan  and  elevattoa 
explained.  4.  Floor  and  cellar  plans  and  elevation;  scale  drawings;  use  of  triangles. 
5.  Use  of  triangles;  drawing  of  fittings,  traps,  etc.  6.  Drawing  plumbing  elevauoiu 
and  fittings.  7.  Instructions  in  drawing  plumbing  elevations.  8.  The  drawing  of 
plumbing  fixtiu'es;  scale  drawings.  9.  Drawings  of  fixtures  and  fittings.  10.  jSom 
of  drawmgs.  11.  Shading  of  drawings.  12.  Shading  of  drawings.  13.  Sectional 
drawings ;  drawing  of  threads.  14.  Plumbing  elevations  from  architect's  plan.  15.  Ele* 
vations  of  separate  parts  of  the  plumbing  system.  16.  Elevations  trom  the  architect's 
plans.  17.  Drawings  of  detail  plumbing  connections.  18.  Architect's  plans  and  plumb' 
ing  elevations  of  residence.  19.  Plumbing  elevations  of  residence  (continued) ;  phunb- 
ing  plans  for  cottage.  20.  Plumbing  elevations:  roof  connections.  21.  Plans  ami 
plumbing  elevations  Tor  six-flat  building.  22.  Drawing  of  various  parts  of  the  pluml^ 
Ing  system;  use  of  scales.  23.  Use  of  architect's  scales.  24.  Special  features  in  tte 
illustrations  of  country  plumbing.  25.  Drawing  of  wrought-iron  piping,  valves,  radift- 
tors,  coils,  etc.  26.  Drawing  of  piping  to  illustrate  heating  systems.  150  illustratifHis. 
Price S8.00 

MODERN  PLUMBING  ILLUSTRATED.    By  R.  M.  Stabbuck. 

This  book  represents  the  highest  standard  of  plumbing  work.  It  has  been  ad<4»te4 
and  used  as  a  reference  book  by  the  United  States  Government,  in  its  sanitary  won  in 
Cuba.  Porto  Rico,  and  the  Philippines,  and  by  the  principal  Boards  of  Health  of  tlM 
United  States  and  Canada. 

It  gives  connections,  sizes  and  working  data  for  all  fixtures  and  groups  of  flxtoreB.  li 
is  helpful  to  the  master  plumber  in  demonstrating  to  his  customers  and  in  flgoiiiV 
work.     It  gives  the  mechanic  and  student  quick  and  easy  access  to  the  best  modos 

glumbing  practice.  Suggestions  for  estimating  plumbing  construction  are  oontaliMil 
lits  pages.  This  book  represents,  in  a  word,  the  latest  and  best  up-to-date  practio 
and  should  be  in  the  hands  of  every  architect,  sanitary  engineer  and  plumber  irbf 
wishes  to  keep  himself  up  to  the  minute  on  this  important  feature  of  constmctioa 
Contains  following  chapters,  each  illustrated  with  a  full-page  plate:  Kitchen  daki 
laundry  tubs,  vegetable  wash  sink;  lavatories,  pantry  sinks,  contents  of  marble  alibi! 
bath  tub,  foot  and  sitz  bath,  shower  bath;  water  closets,  venting  of  water  dosets; kn^ 
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Q  water  closets,  water  closets  operated  by  flush  valves,  water  closet  range ;  slop  sink. 
Ells,  the  bidet;  hotel  and  restaurant  sink,  grease  trap;  refdgerators,  safe  wastes,  laun- 
waste,  lines  of  refHgerators,  bar  sinks,  soda  fountain  sinks;  horse  stall,  troatr-prooi 
)r  closets;  connections  for  S  traps,  venting;  connections  for  drum  traps;  soil  pipe 
lections;  supporting  of  soil  pipe;  main  trap  and  fresh  air  inlet;  floor  drains  and 
r  drains,  subsoil  drainage;  water  closets  and  floor  connections;  local  venting: 
lections  for  bath  rooms;  connections  for  bath  rooms,  continued;  connections  for 

rooms,  continued;  connections  for  bath  rooms,  continued;  examples  of  poor 
tice;  roughing  work  ready  for  test;  testing  of  plumbing  system;  meiihod  of  con- 
}us  venting;  continuous  venting  for  two-noor  work;  continuous  venting  for  two 

of  fixtures  on  three  or  more  floors;  continuous  venting  of  watw  closets;  plumb* 
'or  cottage  house;  construction  for  cellar  piping;  plumbing  for  residence,  use  of 
ial  flttinflcs;  plumbing  for  two-flat  house;  plumbing  for  apartment  building,  plmnb- 
br  double  apartment  building;  plumbing  for  office  building;  plumbing  for  public 
b  rooms:  plumbing  for  public  toilet  rooms,  continued;  plumbing  for  bath  estab- 
lent;  plumbing  for  engine  house,  factory  plumbing;  automatic  flushing  for 
dIs,  factories,  etc.;  use  of  flushing  valves;  urinals  for  public  toilet  rooms;  the 
lam  system,  the  destruction  of  pipes  by  electrolysis;  construction  of  work  without 
>f  lead;  automatic  sewage  lift;  automatic  sump  tank^  country  plmnbing;  construc- 
of  cesspools;  septic  tank  and  automatic  sewage  siphon;  counuy  plumbing;  water 
ly  for  country  house;  thawing  of  water  mains  and  service  by  electricity;  double 
rs;  hot  water  supply  of  large  buildings;  automatic  control  of  not  water  tank;  sug- 
on  for  estimating  plumbing  construction.  407  octavo  pages,  fully  illustrated  by  68 
page  engravings.    Third,  revised  and  enlarged  edition  Just  issued.    Price  .  $6.00 

)Aia>  PRACTICAL  PLUMBING.    By  R.  M.  Starbuck. 

mplete  practical  treatise  of  450  pages  covering  the  subject  of  Modem  Phimbing 
1  its  branches,  a  large  amoimt  of  space  being  devoted  to  a  very  complete  and 
bical  treatment  of  the  subject  of  Hot  Water  Supply  and  Circulation  and  Range 
)r  Work.  Its  thirty  chapters  include  about  every  phase  of  the  subject  one  can 
c  of,  maldng  it  an  indispensable  work  to  the  master  plumber,  the  journeyman 
iber,  and  the  apprentice  plumber,  containing  chapters  on:  the  plumber's  tools: 
og  solder;  composition  and  use;  joint  wiping;  l&ayd  work;  traps;  siphonage  of 
i',  venting;  contmuous  venting:  house  sewer  and  sewer  connections;  house  drain; 
piping,  roughing;  main  trap  and  ft-esh  air  inlet;  floor,  yard,  cellar  drains,  rain 
3rs,  etc.;  flxture  wastes;  water  closets;  ventilation;  improved  plumbing  connec- 
t;  residence  plumbing;  plumbing  for  hotels,  schools,  factories,  stables,  etc.: 
em  country  plumbing;  nitration  of  sewage  and  water  supply;  hot  and  cold 
ly;  range  boilers;  circulation;  circulating  pipes;  range  boiler  problems;  hot 
ir  for  large  buildings;  water  lift  and  its  use;  multiple  connections  for  hot  water 
ms;  heating  of  radiation  by  supply  system:  theory  for  the  plumber;  drawing  for 
>lumber.    Fully  illustrated  by  347  engravings.    Price S8.60 

RECIPE  BOOK 

eys  TWENTIETH  CENTURY  BOOK  OF  RECIPES,  FORMULAS  AND 
)CESSES.    Edited  by  Gardner  D.  Hiscox. 

most  valuable  Techno-chemical  Formula  Book  published,  including  over  10,000 
ted  scientiflc,  chemical,  technological,  and  practical  recipes  and  processes. 

is  the  most  complete  Book  of  Formulas  ever  published,  giving  thousands  of 
tes  for  the  manufacture  of  valuable  articles  for  everyday  use.  Hints,  Helps, 
tical  Ideas,  and  Secret  Processes  are  revealed  within  its  pages.  It  covers  every 
ch  of  the  useful  arts  and  tells  thousands  of  ways  of  maldng  money,  and  is  just  the 
:  everyone  should  have  at  his  command. 

[em  in  its  treatment  of  every  subject  that  properly  falls  within  its  scope,  the  book 
truthfully  be  said  to  present  the  very  latest  formulas  to  be  found  in  the  arts  and 
Btrles,  and  to  retain  those  processes  which  long  experience  has  proven  worthy  of  a 
lanent- record.  To  present  here  even  a  limited  number  of  the  subjects  which  flnd 
kce  in  this  valuable  work  would  be  difficult.  Suffice  to  say  that  in  its  pages  will 
rand  matter  of  intense  interest  and  immeasurably  practical  value  to  the  sraentifle 
tour  and  to  him  who  wishes  to  obtain  a  knowledge  of  the  many  processes  used  in 
irts,  trades  and  manufacture,  a  knowledge  which  will  render  ms  pursuits  more 
nctive  and  remimerative.  Serving  as  a  reference  book  to  the  small  and  large 
ufacturer  and  supplying  intelligent  seekers  with  the  information  necessary  to 
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conduct  B,  process,  the  work  will  bo  found  of  Inestimable  worth  to  thB  Metallurgli 
PhotoRrapher.  Ibe  Perfuraer.  the  Palulor.  tbe  Manufaciurer  of  Ciluts,  Pastes,  Cet 
and  Mudlages.  the  Compounder  of  Alloys,  the  Ceok,  the  Physlciui.  the  DnlEgli 
Electrlciaa.  the  Brewer,  tbe  EoBlneer,  tbe  FouDdryman,  the  MaclUnist,  the  Potu 
Tanner,  the  ConCectloner,  the  Chiropodist,  the  Manicure,  the  Manufacturer  of  C 
leal  Novelties  and  Toilet  Preparations,  Che  Dyer,  the  Electroplater,  the  Enamek 
Engraver,  the  Frovisloner.  tlie  Glass  Worker,  the  Goldbeater,  the  Watchmake 
Jeweler,  the  Hat  Maker,  the  Ink  Manufacturer,  the  Oiilician.  the  Farmer,  the  I 
man,  the  Paper  Maker,  the  Wood  and  Metal  Worker,  the  Chandler  and  Soap  IK 
Cbsi  Veti">rlnary  Surgeon,  and  thp.Teclmologlat  la  general. 


WHAT   13   SAID    OF   THIS    BOOK: 
"Tour  Twentieth  Century  Book  of  Badpea,  Formulas,  and  Processes  dnb  rect 
1  am  glad  M  hare  a  copy  of  it,  and  if  I  could  not  replace  It.  money  couldn't  bur  it 
iB  the  beat  thing  of  the  sort  I  ever  saw."      (Signed)  M.  E.  Tboic,  Sparta,  mL 
"There  are  few  persona  who  would  not  be  E 
that  would  repay  several  times  tbe  coat  ol 


Proceaseo'  about  a  year  ago  and  it  is  worth  It 
BeimiDgtciii,  Vt. 

-THE  BOOK  WOKTH  THBEE  HUNDRED  DOLLAK3" 
"On  clow  examination  of  your 'Twentieth  Century  Receipt  Boclc,' I  Ond  llto 
very  yaluable  and  useful  book  with  Che  very  beat  of  practical  information  obtiia 
The  priceof  the  book,  S3.00,  la  very  small  In  comparison  to  tbe  beneStfl  ubiehOBi 
obtain  iTom  It.  I  consider  the  book  wortli  fully  tlii«e  hundred  dollara  to  UJK 
— Da.  A.  C.  Bpettb,  New  York. 

"ONE  OF  THE  WOBLD'S  MOST  USEFUL  BOOKS" 
"Some  time  ago,  I  got  one  of  your ' Twentieth  Century  Booka  of  Fwrnulaa'  and 
made  my  living:  from  It  ever  rince.  I  am  alone  aince  my  husband's  death  wltt 
small  children  to  care  for  and  am  tiring  so  bard  to  support  them.  I  have  custo 
wbo  take  from  me  Toilet  Articles  I  put  up.  following  directlona  given  in  the  I 
and  I  have  found  every  one  ol  them  to  be  flne."->-Mss.  J.  H.  McMakmit,  Wert  To 
Ohio. 

RUBBER 

RUBBER  HAin>  STAMPS  AND  THE  MANIPULATION  OF  INDIA  KUBI 

By  T.  O'CoNOB  Sloanb. 

This  book  gives  full  detaila  on  all  points,  treating  in  a  condae  and  simple  manM 
elements  or  nearly  everything  It  Is  necessary  to  understand  for  a  commencemt 
any  branch  of  the  India  Bubber  Manufacture.  The  making  oT  all  kinds  at  Bi 
Hand  Stamps,  Small  Articles  of  India  Rubber,  U.  3.  Oovernment  CompoalliaB.  D 

..._..  D. .w.  ».._._„....™  ^  gi,eg^  Rubbw.  Toy  Balloons,  In^  Rnbber 

ting  VanUsta,  and  Treatment  for  India  Bi 
p  Inlcs,  and  Miacellaneoua  Nates,  with  K  < 

a  and  Manufacture  of  India  Rubber,  an  M 

adllymidentood,  the  explanations  belnK  pUn  ailda 

Including  a  chapter  on  Bubber  Tire  Making  and  'vulciudzhu; ;  also  a  Outer  > 
usee  of  rubber  In  Surgery  and  Dentistry.  Third  revised  and  enlarged  emtlon. 
paces.    Iliuatrated S 

BENLEY'S   TWENTIETH   CENTDKY  BOOK    OF  RECIPES,  FOUR 
AND  PROCESSES.    Edited  by  Gardner  D.  Hiscox. 
Contains  upward  ot  10,000  practical  receipts.  Including  among  thorn  ftma^ 
arunidal rubber.    Cloth  Bound,     Price Tn 
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SAWS 

FILING*  AND  MANAGEMENT  OF  SAWS.     By  Robert  Grimshaw. 

practical  hand-book  on  filing,  gumming,  swaging,  hammfaing,  and  the  brazing  of 
id  saws,  the  speed,  work,  and  power  to  run  drcular  saws,  etc.  A  handy  bo^  for 
ise  who  have  charge  of  saws,  or  for  those  mechanics  who  do  their  own  flUng,  as  it  deals 
h  the  proper  shape  and  pitches  of  saw  teeth  of  all  kinds  and  gives  many  useful  hints 
1  rules  for  gumming,  setting,  and  filing,  and  is  a  practical  aia  to  those  who  use  saws 
any  purpose.  Complete  tables  of  proper  shape,  pitch,  and  saw  .teeth  as  well  as 
»  and  number  of  teeth  of  various  saws  are  included.  Fourth  edition,  revtaed  and 
arged.    Illustrated.    Price 91.60 

STEAM  ENGINEERING 

RICAN  STATIONARY  ENGINEERING.    By  W.  E.  Cranb. 

Is  book  be^bis  at  the  boiler  room  and  takes  in  the  whole  power  plant.  A  plain 
£  on  every-day  work  about  engines,  boilers,  and  their  accessories.  It  is  not  intended 
be  scienoflc  or  mathematical.  All  formulas  are  in  simple  form  so  that  any  one 
lerstanding  plain  arithmetic  can  readily  understand  any  of  them.  The  author 
>  made  this  the  most  practical  book  in  print;  has  given  the  results  of  his  years  of 
lerience,  and  has  included  about  all  that  has  to  do  with  an  engine  room  or  a  power 
nt.  You  are  not  left  to  guess  at  a  single  point.  You  are  shown  clearly  what  to 
lect  under  the  various  conditions;  how  to  secure  the  bet^t  results;  ways  of  prevent- 
"shut  downs'*  and  repairs:  in  short,  all  that  goes  to  make  up  the  requirements 
i  good  engineer,  capable  of  taking  charge  of  a  plant.  It's  plain  enough  for  practical 
n  and  yet  of  value  to  those  high  in  the  profession. 

mrtial  list  of  contents  is:  The  boiler  room,  cleaning 
pection  and  repair;  chimneys,  sizes  and  cost; 
ting  cement;  pile  driving;  engines,  slow  and 
rliss  engines,  setting  valves,  single  and  double  eccentric;  air  pumps  and  condensers; 
'erent  types  of  condensers;  water  needed;  lining  up;  pounds;  pins  not  square  in 
sshead  or  crank;  engineers'  tools;  pistons  and  piston  rings;  bearing  metal;  hard- 
d  copper;  drip  pipes  from  cylinder  jackets;  belts,  how  made,  care  of;  oils;  greases: 
bing  lubricants;  rules  and  tables,  including  steam  tables:  areas  of  segments; 
tares  and  square  roots;  cubes  and  cube  root;  areas  and  circumferences  of  circles, 
tes  on:  Brick  work;  explosions;  pumps;  pump  valves;  heaters,  economizerE ; 
sty  valves;  lap,  lead,  and  clearance.  Has  a  complete  examination  for  a  license, 
etc.    Second  edition.   285  pages.   Illustrated.    Irice 98.60 


•I 


NE  RUNNER'S  CATECHISM.    By  Robbbt  Grimshaw. 

>ractical  treatise  for  the  stationary  engineer,  telling  how  to  erect,  adjust,  and  run 
!  principal  steam  engines  in  use  m  the  United  States.  Describing  the  principal 
tures  of  various  special  and  well-known  makes  of  engines:  Temper  Cut-off,  Shipping 
I  Receiving  Foimdations.  Erecting  and  Starting,  Valve  Setting,  Care  and  Use, 
lergendes,  Erecting  and  Adjusting  Special  Engines. 

B  questions  asked  throughout  the  catechism  are  plain  and  to  the  point,  and  the 
iwers  are  given  in  such  simple  language  as  to  be  readily  understood  by  anyone.  All 
I  instructions  given  are  complete  and  up-to-date;  and  they  are  written  in  a  popular 
le,  without  any  technicalities  or  mathematical  formulae.  The  work  is  of  a  handy 
)  for  the  pocket,  clearly  and  well  printed,  nicely  boimd,  and  profusely  illustrated. 

young  engineers  this  catechism  will  be  of  great  value,  especially  to  those  who  may 
preparing  to  go  forward  to  be  examined  for  certificates  of  competency;  and  to 
;uieera  general^  it  will  be  of  no  little  service,  as  they  will  find  in  this  volume  more 
Uy  practical  and  useful  information  than  is  to  be  found  anywhere  else  within  a  like 
npass.    387  pages.    Seventh  edition.    Price 92.00 

3E-POWER  CHART. 

>ws  the  horse-power  of  any  stationary  engine  without  calculation.   No  matter  what 

cylinder  diameter  of  stroke,  the  steam  pressure  of  cut-off,  the  revolutions,  or 

etiler  condensing  or  non-condensing,  it's  all  there.    Easy  to  use,  accurate,  and 

68  time  and  calculations.    Especially  useful  to  engineers  and  designers.    60  centM 
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MODERN  STEAM  ENGINEERING  IN  THEORY  AND    PRACTICE.    By 

Gardner  D.  Hiscox. 

This  is  a  complete  and  practical  work  issued  for  Stationary  Engineers  and  Firemen, 
dealing  with  the  care  and  management  of  boilers,  engines,  pumps,  superheated  steam, 
refrigerating  machinery,  dynamos,  motors,  elevators,  air  compressors,  and  all  other 
branches  with  which  the  modem  engineer  must  be  familiar.  Neaiiy  200  questions  with 
their  answers  on  steam  and  electrical  engineering,  likely  to  be  asked  by  the  Ezamin- 
tng  Board,  are  included. 

Among  the  chapters  are:  Historical:  steam  and  its  properties;  appliances  for  the 
generation  of  steam;  types  of  boilers;  chinmey  and  its  work;  heat  economy  o^  the 
reed  water;  steam  pumps  and  their  woric;  incrustation  and  its  work;  steam  above 
atmospheric  pressure;  flow^of  steam  fh>m  nozzles;  superheated  steam  and  its  wcwk; 
adiabatic  ex^msion  of  steam;  indicator  and  its  work;  steam  engine  proportions;  slide 
valve  engines  and  valve  motion;  Corliss  engine  and  its  valve  gear;  compound  engine 
and  its  theory;  triple  and  multiple  expansion  engine;  steam  turbine;  refrigraaoon; 
elevators  and  their  management;  cost  of  power;  steam  engine  troubles;  electric 
power  and  electric  plants.    487  pages.    405  engravings.    3d  Edition.  .     .     .    S8.60 

STEAM  ENGINE  CATECHISM.    By  Robert  Grimshaw. 

This  unique  volume  of  413  pages  is  not  only  a  catechism  on  the  (luestloa  and  aasirer 
principle,  but  it  contains  formulas  and  worked-out  answers  for  all  the  Steam  problemi 
that  appertain  to  the  operation  and  management  of  the  Steam  Engine,  niustratieos 
of  various  valves  and  valve  gear  with  their  principles  of  operation  are  given.  Thirbr- 
four  Tables  that  are  indispensable  to  every  engineer  and  fireman  that  wishes  to  be 
progressive  and  is  ambitious  to  become  master  of  his  calling  are  within  its  pages.  It  ii 
a  most  valuable  instructor  in  the  service  of  Steam  Engineering.  Leading  engineen 
have  recommended  it  as  a  valuable  educator  for  the  beginner  as  weU  as  a  reference  book 
for  the  engineer.  It  is'  thoroughly  indexed  for  every  detail.  Every  essential  questioo 
on  the  Steam  Engine  with  its  answer  is  contained  in  this  valuable  work.  Sixteenth 
edition.    Price 98.00 

STEAM  ENGINEER'S  ARITHMETIC.    By  Colyin-Cheney. 

A  practical  pocket-book  for  the  steam  engineer.  Shows  how  to  work  the  problems  of 
the  engine  room  and  shows  "why."  Tells  how  to  figure  horsepower  of  engines  aftd 
boilers;  area  of  boilers;  has  tables  of  areas  and  circumferences;  steam  tables;  has  a 
dictionary  of  engineering  terms.  Puts  you  on  to  all  of  the  little  kinks  in  figuring  what* 
ever  there  is  to  figure  around  a  power  plant.  Tells  you  about  the  heat  imit;  akbsolute 
zero:  adiabatic  expansion;  duty  of  engines;  factor  of  safety;  and  a  thousand  and  one 
other  things;  and  everything  is  plain  and  simple — not  the  hardest  way  to  figure,  bat 
the  easiest.     Second  Edition 76  ceati 

STEAM  ENGINE  TROUBLES.    By  H.  Hamkens. 

It  is  safe  to  say  that  no  book  has  ever  been  published  which  gives  the  practical  en- 
gineer such  valuable  and  comprehensive  information  on  steam  engine  design  and 
troubles.  There  are  descriptions  of  cylinders,  valves,  pistons,  frames,  plUow  hloda 
and  other  bearings,  connecting  rods,  wristplates,  dashpots.  reachrods,  valve  gears, 
governors,  piping,  throttle,  and  emergency  valves,  safet^r  stops,  flywheels,  oilen. 
etc.  If  there  is  any  trouble  with  these  parts,  the  book  gives  you  the  reasons  and 
tells  how  to  remedy  themu    350  pages.    276  illustrations.    Price  .     •      •     •      92.50 

BOILER  ROOM  CHART.    By  Geo.  L.  Fowler. 

A  chart — size  14  x  28  inches — showing  in  isometric  perspective  the  mechanism  be- 
longing in  a  modem  boiler  room.  The  various  parts  are  shown  broken  or  removed, 
so  that  the  internal  construction  is  fully  illustrated.  Each  part  is  given  a  referenoe 
number,  and  these,  with  the  corresponding  name,  are  given  in  a  glossary  printed 
at  the  sides.    Price 26  cenli 

STEAM  HEATING  AND  VENTILATION 

PRACTICAL  STEAM,  HOT-WATER  HEATING  AND  VENTILATION.    Bf 

A.  G.  King. 

This  book  is  the  standard  and  latest  work  published  on  the  subject  and  has  been  pre- 
pared  for  the  use  of  all  engaged  in  the  business  of  steam,  hot-water  heating,  and  ventib* 
tion.  It  is  an  original  and  exhaustive  work.  Tells  how  to  get  heating  contracts,  hot 
to  install  heating  and  ventilating  apparatus,  the  best  business  methods  to  be  used, 
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"Tricks  of  the  Trade"  for  shop  pse.  Rules  and  data  for  estimating  radiation 
lost  and  such  tables  and  information  as  make  it  an  indispensable  work  for  every- 
nterested  in  steam,  hot- water  heating,  and  ventilation.  It  describes  all  the  principal 
ims  of  steam,  hot-water,  vacuum,  vapor,  and  vacuum-vapor  heating,  together 

the  new  accelerated  systems  of  hot-water  circulation,  including  (mapters  on 
Miate  methods  of  ventilation  and  the  fan  or  blower  systentof  heating  and  ventila- 
Containing  chapters  on:  I.  Introduction.  II.  Heat.  III.  Evolution  of 
cial  heating  apparatus.  IV.  Boiler  surface  and  settings.  V.  The  chimney  flue. 
Pipe  and  fittings.  VII.  Valves,  various  kinds,  vlll.  Forms  of  radiating 
ces.  IX.  Locating  of  radiating  surfaces.  X.  Estimating  radiation.  XI.  Steam- 
ng  apparatus.  XII.  Exhaust-steam  heating.  XIII.  Hot-wator  heating.  XTV. 
nire  systems  of  hot-water  work.  XV.  Hot-water  appliances.  XVI.  Greenhouse 
ing.  XVII.  Vacuum  vapor  and  vacuum  exhaust  heating.  XVIII.  Miscella- 
s  heating.  XIX.  Radiator  and  pipe  connections.  XX.  Ventilation.  XXI. 
tianical  ventilation  and  hot-blast  heating.  XXII.  Steam  appliances.  XXIII. 
rict  heating.    XXIV.  Pipe  and  boiler  covering.    XXV.   Temperature  r^^lation 

heat  control.  XXVI.  Business  methods.  jSXYJI,  Miscellaneous.  XXVIII. 
s,  tables,  and  useful  information.  367  pages.  300  detailed  engravings.  Second 
ion — Revised.    Price S8.60 

:ain  answers  to  direct  questions  on  steam,  hot-water, 

►OR  AND  VACUUM  HEATING  PRACTICE.        By  Alfred  G.  King. 

work,  Just  off  the  press,  is  arranged  in  question  and  answer  form ;  it  is  intended  as 
ide  and  textr-book  for  the  younger,  inexperienced  fitter  and  as  a  reference  book  for 
tters.  This  book  tells  " how ''^ and  also  tells  "why."  No  work  of  its  kind  has 
been  published.  It  answers  all  the  questions  regarding  each  method  or  system 
would  be  a^^  by  the  steam  fitter  or  heating  contractor,  and  may  be  used  as  a 
or  reference  book,  and  for  examination  questions  by  Trade  Schools  or  Steam 
srs'  Associations.  Rules,  data,  tables  and  descriptive  methods  are  given,  to- 
er  with  much  other  detailed  information  of  daily  practical  use  to  those  engaged  in 
iterested  in  the  various  methods  of  heating.  Valuable  to  those  prepuing  foe 
linations.  Answers  every  question  asked  relating  to  modem  Steam,  Hot-Water, 
}r  and  Vacuum  Heating.  Among  the  contents  are:  The  Theory  and  Laws  of 
\>.  Methods  of  Heating.  Chimneys  and  Flues.  Boilers  for  Heating.  Boiler 
miings  and  Settings.  Kadiation.  Steam  Heating.  Boiler,  Radiator  and  Pipe 
sections  for  Steam  Heating.  Hot  Water  Heating.  The  Two-Pipe  Gravity 
em  of  Hot  Water  Heating.  The  Circuit  System  of  Hot  Water  Heathig.  The 
*head  System  of  Hot  Water  Heating.  Boiler,  Radiator  and  Pipe  Connections  for 
dty  Systems  of  Hot  Water  Heating.  Accelerated  Hot  Water  Heating.  Ex- 
;ion  Tank  Connections.  Domestic  Hot  Water  Heating.  Valves  and  Air  valves, 
lum  Vapor  and  Vacuo- Vapor  Heating.  Mechanical  Systems  of  Vacuum  Heating. 
-Mechanical  Vacuum  Systems.  Vapor  Systems.  Atmospheric  and  Modulating 
ems.  Heating  Greenhouses.  Information,  Rules  and  Tables.  200  pages,  127 
brations.    Octavo.    Cloth.    Price 9d.00 

STEEL 


r,  ITS  SELECTION,  ANNEALING,  HARDENING,  AND  TEMPERING. 
E.  R.  Markham. 

I  work  was  formerly* known  as  "The  American  Steel  Worker."  but  on  the  pub- 
ion  of  the  new,  revised  edition,  the  publishers  deemed  it  advisable  to  change  its 
to  a  more  siiitable  one.    It  is  the  standard  work  on  Hardening,  Tempering, 
Annealing  Steel  of  all  kinds. 

!  book  tells  how  to  select,  and  how  to  work,  temper,  harden,  and  anneal  steel  for 
ything  on  earth.  It  doesn't  tell  how  to  temper  one  class  of  tools  and  then  leave 
treatment  of  another  kind  of  tool  to  your  imagination  and  judgment,  but  it  c^ves 
ful  instructions  for  every  detail  of  every  tool,  whether  it  be  a  tap,  a  reamer  or  Just 
■ew-driver.  It  tells  about  the  tempering  of  small  watch  springs,  the  hardening  of 
sry,  and  the  annealing  of  dies.  In  fact,  there  isn't  a  thing  that  a  steel  woricer 
Id  want  to  know  that  isn't  included.  It  is  the  standard  book  on  selecting,  harden- 
and  tempering  all  grades  of  steel.  Among  the  chapter  headings  might  be  mentioned 
following  subjects:   Introduction;  the  workman;  steel;  methods  of  heatlag: 
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hdatiiig  tool  steel;  forging:  anneaUng;  hardening  baths;  baths  for  hardening;  harden* 
tng  steel;  drawing  the  temper  after  hardening;  examples  of  hardening;  pads  harden* 
Ing;  case  hardening;  spring  tempering;  making  tools  of  machine  steel;  special  steds; 
steel  for  various  tools;  causes  of  trouble;  hlgb.  spee^I  steels,  etc.  400  pages.  Venr 
fully  illustrated.    Fourth  Edition.    Price 90.00 

HARDENING,  TSMPERING,  ANNEALING,  AND  FORGING   OF  STEEL 

By  J.  V.   WOODWOBTH. 

A  new  work  treating  in  a  clear,  concise  manner  all  modem  processes  for  the  heating, 
annealing,  forging,  wdding,  hardening,  and  tempering  of  ste^,  making  it  a  book  of 
great  practical  value  to  the  metal-working  mechanic  in  general,  with  si>ecial  dlrecthna 
for  the  successful  hardening  and  tempering  of  all  steel  tools  used  in  the  arts,  including 
milling  cutters,  taps,  thread  dies,  reamers,  both  solid  and  shell,  hollow  mills,  pu^ichei 
and  dies,  and  all  kinds  of  sheet  metal  working  tools,  shear  blades,  saws,  fine  cutlery,  and 
metal  cutting  tools  of  all  description,  as  well  as  for  all  implements  of  steel  both  large 
and  small,  in  this  work  the  simpleist  and  most  satisfactory  hardening  and  temper- 
ing processes  are  c^ven. 

The  uses  to  which  the  leading  brands  of  steel  may  be  adapted  are  concisely  presented, 
and  their  treatment  for  working  under  different  conditions  explained,  aUso  the  spedal 
methods  f^r  the  hardening  and  tempering  of  special  brands. 

A  chapter  devoted  to  the  different  processes  for  case-hardening  is  also  included,  and 
special  reference  made  to  the  adaptation  of  machinery  steel  for  tools  of  various  kinds, 
rath  Edition.    d22  pages,    216  illustrations.    Prioe    • $8.00 

TRACTORS 


THE  MODERN  GAS  TRACTOR,    By  Major  Victor  W.  Pao6. 

A  complete  treatise  describing  all  types  and  sizes  of  gasoline,  kerosene,  and  on  tractors. 
Considers  design  and  construction  exhaustively,  gives  complete  instructions  for  care, 
operation  and  repair,  outlines  all  practical  applications  on  the  road  and  in  the  Add. 
The  best  and  latest  work  on  farm  tractors  and  tractor  power  plants.  A  work  needed 
by  farmers,  students,  blacksmiths,  mechanics,  salesmen,  implement  dealers,  designer!, 
and  engineers.    500  pages.    Nearly  300  illustrations  and  feuding  plates.    Price  96.00 

TURBINES 


MARINE  STEAM  TURBINES.  By  Dr.  G.  Bauer,  and  O.  Lasche.  Asastod 
by  E.  LuDWiG  and  H.  Vogbl.  Translated  from  the  German  and  edited  by 
M.  G.  S.  Swallow. 

The  book  is  essentially  practical  and  discusses  turbines  in  which  the  full  expansion  of 
steam  passes  through  a  number  of  separate  turbines  arranged  for  driving  two  or  more 
shafts,  as  in  the  Parsons  system,  and  turbines  in  which  the  complete  expansion  of 
steam  fh)m  inlet  to  exhaust  pressure  occurs  in  a  turbine  on  one  slutft,  as  m  the  case 
of  the  Curtis  machines.  It  will  enable  a  designer  to  carry  out  all  the  ordinary  cs^coIa- 
tion  necessary  for  the  construction  of  steam  turbines,  hence  it  fills  a  want  which 
is  hardly  met  by  larger  and  more  theoretical  works.  Niunerous  tables,  curves  and 
diagrams  will  be  found,  which  explain  with  remarkable  luddlty  the  reason  wby 
turbine  blades  are  designed  as  they  are,  the  course  which  steam  takes  through  tiff- 
bines  of  various  types,  the  thermodsmamics  of  steam  turbine  calculation,  the  influeooe 
of  vacuum  on  steam  consumption  of  steam  turbines,  etc.  In  a  word,  the  very  in- 
formation which  a  designer  and  builder  of  steam  turbines  most  requires.  Largt 
octavo,  214  pages.  Fully  illustrated  and  containing  18  tables,  including  an  entnmr 
chart.    Price,  net 94jOO 
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